UNCLASSIFIED 


AD  NUMBER 

AD836955 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JAN  1963. 
Other  requests  shall  be  referred  to 
Department  of  the  Army,  Fort  Detrick, 
Attn:  Technical  Release  Branch/TID, 
Frederick,  MD  21701. 

AUTHORITY 

D/A,  SMUFD,  Fort  Detrick  ltr  dtd  8  Feb 
1972 


THIS  PAGE  IS  UNCLASSIFIED 


TRANSLATION  NO. 


AO 

to 

05 

to 

05 

00 


DATE 


/<96 


DDC  AVAILABILITY  NOTICE 

Reproduction  of  this  publication  in  whole  or  in  part 
is  prohibited.  However,  DDC  is  authorized  to 
reproduce  the  publication  for  United  States 
Government  purposes. 


STATEMENT  #2  UNCLASSIFIED 
This  document  is  subject  to  special  export 
controls  and  each  transmittal  to  foreign 

2nWr3’?htnr?^f0reiSn  ?atlona,s  be  made 
only  with  prior  approval  of  Oept.  of  Army, 

Fort  Detrick,  ATTN:  Technical  Release  Branch/ 

TID,  Frederick,  Maryland  21701 


■C 


D  n  r»- 


lkm 


RSEinr^l 


>ii 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


BestAvallableCopy .. 


J?LEXY  IN  ANTHRAX 

MOULIN 

r.d  Control,  of  the  .  1 

Veterinary  Medical  Institute  for  Overseas  Assistance.  Director:  Prof.  Dr.  P.L.  Hubei 

Information  on  the  physiology  ami,  pathology  of  the  syndrome. 

In  an  objective  study  of  the  course  of  anthrax, there  little  agreement  in  the 
literature  concerning  some  basic  problems,  and  j.  great  difference  of  opinion  exists 
even  in  other  respects.  For  the  very  reason  that  the  anthrax  bacillus  is  not  sup¬ 
posed  to  be  "true"  toxin  producer,  the  actual  cause  of  death  remains  a  puzzle  in  very 
many  cases.  This  is  the  case  above  all  with  apoplectic  death,  a  form  of  malignant 
anthrax,  in  which  sometimes  no  or  very  few  sporadic  bacteria  can  be  observed  in  the 
blood.  Animals,  especially  hogs,  can  also  die  from  local  anthrax,  without  our'  find¬ 
ing  any  contagion  in  the  circulation.  These  cases  are  important,  the  more  so  because 
at  the  same  time  they  are  the  denial  of  those  /lews  concerning  the  death  from  anthrax 
according  to  which  the  cause  of  death  shall  be  sought  in  a  bacterial  obstruction  of 
the  capillaries  in  the  lungs  or  brain,  or  even  thac.  the  circulating  bacteria  should 

!!  cause  the  death  by  asphyxia  as  a  result  of  oxy  on  depletion  of  the  blood.  These 
opinions  about  the  cause  of  death  in  anthrax  V  come  still  more  problematic  if  we 
take  notice  of  the  cases  described  in  the  literature,  according  to  which  in  the  blood 
of  small  experimental  animals  fully . virulent  bacilli  can  be  found  during  a  long 
period  of  time,  without  their  experiencing  any  damage  shown  externally  (BRESKEDKA). 

In  a  few  fatal  forms  of  experimental  anthrax  in  our  laboratory,  sometimes  in  the 
blood  of  rabbits  no  bacteria  are  demonstrable  by  reinoculation  upon  guinea  pigs, 
while  locally  in  the  spleen  or  at 'the  site  ,of  inoculation  they  are  very  much  present. 
These  cases  are  a  support  of  the  view  that  in  anthrax  a  toxic  agent  is  surely  formed.  I 
The  degeneration  of  the  parenchymatous  organs,  which  is  regularly  observed  in  this 
P  disease,  is  also  an  argument  for  a  "toxic"  cause. 
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The  task  of  this  investigation  is  however  not  primarily  the  detection 
of  a  possible  bacterial  product,  not  even  the  discovery  of  its  nature,  but 
for  the  present  only  to  establish  the  existence  of  such  a  fatal  effect  upon 
the  animal  organism  and  to  understand  that  therewith  the  puzzling  apoplectic 
death  could  be  explained.  Here,  first  of  all  the  following  consideration  is 
true.  When  we  study  the  anthrax  syndrome,  it  is  striking  that,  with  the 
exception  of  an  asphyctic  blood  picture,  no  constant  clinical  symptom  is 
manifested,  neither  in  the  same  species  of  animal,  nor  in  those  other  which 
are  susceptible  to  anthrax,  and  even  the  lever  may  be  absent  in  the  experi¬ 
mental  fatally  ending  anthrax  (Test  horse  No.  981).  Herewith,  the  proper 
points  of  approach  are  Indeed  extremely  limited  from  where  in  the  study  of 
anthrax  we  could  arrive  at  a  better  foundation  cf  the  syndrome.  Many  research 
people  Indicated  haemoly6i6  as  a  constant  symptom  in  anthrax.  Obviously, 
some  attention  should  be  therefore  paid  to  the  occurrence  of  thin.  Should 
we  search  whether  the  blood  destruction  occurs  in  a  sufficiently  large  number 
of  test  animals,  then  unquestionably  the  blood-cell  count,  with  subsequent 
hemoglobin  determination  according  to  SAHLI,  is  the  most  accurate  method. 

Yet,  here  we  find  directly  insuperable  difficulties  which  make  unfeasible  this 
manner  of  examination  in  cases  of  anthrax.  Due  to  the  danger  of  infection 
in  the  septicemic  stage,  due  to  the  necessity  to  repeatedly  disinfect  the 
used  instruments  after  each  individual  examination,  and  due  to  the  time  loss 
thereby,  for  practical  purposes  the  use  of  the  TALLQUIST  haemoglobin  ecale 
is  therefore  to  be  reconsaended.  As  to  the  finding  of  expressed  blood 
changes,  this  color  scale  is  certainly  sufficiently  accurate,  and  the  errors 
which  are  therewith  made  should  amount  only  to  a  few  percent. 

HAre  are  a  few  figures  obtained  by  this  method.  After  the  numbers  of 
the  tested  animals  there  are  the  dally  results  in  percentages,  at  which  the 
sum  in  the  first  column  is  the  figure  of  color  scale  obtained  before  the 
infection.  The  horse  and  the  sheep  were  injected  wiwh  a  dose  of  the  very 
virulent  Poerwakarta  anthrax  strain  which  is  equal  to  thousand  lethal  doses 
(1000  M.L.b.  )  for  the  6heep,  while  the  goats  and  the  rabbits  received  a 
single  minimum  lethal  dose  (l  M.L.D. )  of  the  same  strain  as  calculated  for 
them. 


Pre control 
percentage 

day 

2.  day 

3-  day 

4.  day  5.  day 

Horse 

No.  2 

80 

Dn 

ww 

SO 

80 

60  + 

Sheep 

No.  69 

80 

70 

55 

■+- 

Ho.  70 

70 

63 

Goat 

No.  8 

80 

80 

80 

No.  9 

80 

80 

80 

Babbits 

No.  85 

75 

75 

75 

70 

+ 

—  No.  88 

80  , 

80 

80 

70 

70  70 

No.  90 

80 

8c 

70 

70 

No.  91 

S3 

80 

80 

75 

75  + 

NO.  92 

80 

80 

70 

70 

70  -r 

No.  93 

85 

80 

80 

No.  91* 

80 

80 

■f- 

(no  bacteria  found) 

Ho.  96 

80 

80 

78 

78 

With  the  exception  of  animal  No.  9^,  all  others  died  from  positive  anthrax. 
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It  seems  that  we  cannot  speak  of  an  anemia  in  anthrax,  although  a  re¬ 
duction  in  the  blood  count  is  possible.  This  finding  is  contrary  to  that 
of  BUROW,  according  to  which  animals  are  supposed  to  die  from  anthrax  when 
the  count  of  their  erythrocytes  has  dropped  to  one  third  of  the  normal  value. 
Although  in  the  TALLQUIST  method  we  have  to  count  with  a  certain  amount  of 
deviation,  this  is  not  so  high  that  the  cases  in  which  reduced  blood  count 
is  found  would  support  the  concept  of  EUROW.  Moreover,  in  his  research 
results,  somewhat  unexplainable  is  the  fact  that,  where  he  finds  such  a 
atrong  reduction  In  the  red  count,  haemoglobin  cannot  be  found  spectro¬ 
scopically  either  in  the  serum,  or  in  the  bile  and  urine.  Also,  though 
the  reticulo-endothelial  system  is  able  to  catch  haemoglobin,  it  is 
striking  that  a  blood  destruction  which  has  such  a  poerful  course  in  a 
short  time  should  leave  no  traces  of  free  pigment  behind  itseld.  BUROW 
explains  the  haemolysis,  found  in  the  anthrax  cadavers,  as  a  postmortem 
phenomenon.  FETERMANN  is  also  of  opinion  that  the  lysis  of  the  blood  does 
not  occur  during  life,  although  he  recognizes  that,  after  a  day  long  effect 
upon  the  erythrocytes,  the  anthrax  bacilli  are  able  to  dissolve  the  red 
cells.  In  connection  with  the  above  described  results  of  blood  examinations 
according  to  the  TALLQUIST  method,  in  a  number  of  test  animals,  both  during 
life  and  directly  after  death,  the  serum  was  examined  for  haemolyf.c  dis¬ 
coloration.  Since  some  animal,?  died  unexpectedly  during  the  night,  their 
serum  could  not  be  examined  in  the  moribund  stage.  This  was  the  case  with 
sheep  No.  69  contained  in  Tahle  I,  and  with  a  few  rabbits.  The  effect  which 
a  specific  serum  could  have  on  an  incidentally  occurring  hemolysis  was  also 
examined.  In  the  second  column,  the  infective  dose  is  expressed  In  the 
amount  of  minimum  lethal  dose, which  was  determined  for  each  animal  species 
in  relation  to  the  virulent  Poervakarta  anthrax  strain. 


TABLE  I. 


No.  of  test  animal 

Inoculated  with 

Examination  Haemolysis 

time 

Horse  No.  2 

10,000  KLD  for 

sheep 

directly  after 

- 

Sheep  69 

1000  MLD 

death 

9  hours  before 

- 

2 

1000  MLD 

dea-;  h 

directly  after 

dCmh 

24  h.  before 

# 

Rabbit  8L9 

100  MLD 

- 

Rabbit  8L9 

Rabbit  852 

100  MLD 

death 

right  after  death 

20  hr.  before  death 

# 

Rabbit  851 

100  MLD 

10  hr.  before  death 

Rabbit  826 

100  MLD  5  cc 

serum 

3  h.  before  death 

Rabbit  16 

100  MLD 

in  agony 

Rabbit  16 

Rabbit  871 

100  MLD  #6  cc 

serum 

right  after  death 
in  agony 

# 

Rabbit  853 

100  MLD 

before  death 

Rabbit  853 

Rabbit  854 

100  MLD  #3  cc 

serum 

right  after  death 
right  after  death 

# 

i> 

If 

Rabbit  873 

100  MLD  #3  cc 

serum 

right  after  death 

Rabbit  870 

100  MLD  #5  cc 

serum 

right  after  death 

r  “!  ^ 

Rabbit  866 

100  MLD  #6  cc 

serum 

in  agony 

Rabbit  8 

100  MLD  #4cc  serum 

right  after  death 

# 

Rabbit  12 

1  MLD  #3  cc 

serum 

right  after  death 

jt 

Rabbit  14 

1  MLD  #5  cc 

serum 

right  after  death 

£ 

Rabbit  722 

50  MLD 

right  after  death 

# 

Rabbit  723 

100  MLD  .. 

right  after  death 

Rabbit  365 

100  MLD  #5  cc 

serum 

right  after  death 

— 

Rabbit  725 

1000  MLD  #3  cc 

serum 

right  after  death 

# 

Rabbit  726 

•  1000  MLD  #4  cc 

serum 

right  after  death 

— 

Rabbit  111 

LOO  MU) 

right  after  death 
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From  tnese  observations  it  seems  that  haemolysis  a6  such  is  not  a 
constant  phenomenon,  and  sometimes  it  is  so  slight  that  it  cannot  be  blamed 
for  being  the  cause  of  death.  In  a  few  cases  it  was  sure  that  the  process 
occurs  at,  or  right  after  death,  and  it  is  thu6  observed  more  as  a  sequela 
than  a  causa  of  the  lethal  outcome.  That  a  dark,  laked,  asphytic  blood  with 
little  coagulability  still  does  not  mean  haemolysis,  and  that  in  ite  deter¬ 
mination  ve  have  to  be  very  cautious,  is  shown  by  the  blood  examination  of 
most  of  the  rabbits  which  react  negatively  in  this  regard,  and  first  of  all 
by  the  examination  of  Horse  No.  2.  Immediately  after  death  its  blood  seemed 
dark-rpd  in  color,  and  its  coagulability  was  very  little.  Nevertheless, 
after  coagulation  in.  a  test  tube,  the  serum  seemed  to  be  completely  free 
of  any]  trace  of  hemolytic  discoloration. 

effect  of  thp  added  immune  serum  could  not  be  detected,  nor  any 
slightj  connection  between  infective  dose  and  incidental  haemolysis. 

The  supposition  that  the  degree  of  virulence  should  f<=ivor  haemolysis  is 
excluded  by  tbs  following  test.  A  rabbit  and  a  guinea  pig  which  died  from  a 
large- dose  of  anthrax  vaccine  (B.R.S.  vaccine)*,  which  is  harmless  to  rabbit 
in  a  quantity  of  1  cc,  showed  a  slight  haemolytic  discoloration  of  the 
serum  when  examined  immediately  after  death. 


On  the  basis  of  these  results  it  seems  that,  particularly  to  haemolysis 
in  anjthrax,  no  other  significance  can  be  attributed  but  that  it  is  symptom 
s  many  times,,  yet  certainly  not  constantly  occurring,  which  cannot  be 
it  in  any  casual  relation  with  death. 


j/e  'are  thus  forced  to  search  af  or  a  cause  of  a  sudden  death  at  which 
an  asphyctic  blood  picture  is  supposed  to  develop,  and  in  that  case  we  have 
to  think  of  two  possibilities:  -  myocarditis,  and  a  lesion  in  the  respiratory 


Certainly,  in  this  form  of  anthrax,  myocarditis  occurs,  yet  the  frequent 
absence  of  secondary  manifestations  such  as  lassitude,  weakness,  dyspnea,  and 
general  congestion  throw  a  doubt  upon  this  organic  affection  as  the  cause  of 
6udden  death  in  anthrax.  What  is  surprising  in  small  laboratory,  animals  and 
small  ruminants  is  the  f act""that  they  seem  'to” he  completely  normal" to  the  end; 
'they  ■heep-on-eating  and  ruminating;  they  maintain  an  undistrubed’breathing  " 
and  muscular  function,  and  they  pr.y  attention  to  their  environment.  The 
occurrenc«  of  an  asphyctic  blood  picture  which  sometimes  arises  only  in  agony, 
and  is  known  as  the  typical  "anthrax  blood",  is  not  a  symptom  of  an  apoplectic 
death  from  myocarditis. 

In  about  all  test  animals,  finally,  at  the  postmortem  a  contracted  pointed 
hear  is  found,  without  discoloration,  dilatation  or  relaxation.  The  micro¬ 
scopic  image  of  the  cardiac  musfcle  of  rabbits  and  sheep  which  suddenly  died 
from  inoculation  anthrax,  also  shows  sometimes  actually  the  picture  of  a 
definite  myocarditis,  but  besides  this,  there  are  pictures  which  make  it 
impossible  to  ascribe  the  cause  of  deeth  to  the  slight  cardiac  muscular 
affection  (among  others,  Sheep  No.  2). 


♦FOOTNOTE;  Two  kinds  of  anthrax  vaccine  were  prepared  at  the  Veterinary 
Medical  Institute;  -  one  for  buffalo,  cattle  and  sheep,  this  is  the  so- 
called  B.R.8.  vaccine;  end  a  weaker  vaccine  tor  the  more  sensitive  animals 
such  as  horse,  goat,  and  pig,  which  is  called  the  P.G.V.  vaccine. 

/NOTE:  the  Initials  are  Dutch  initials  of  the  animals  for  which  the 
vaccines  are  useful^. 
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Degeneration  of  other  parenchymatous  organs  never  bring-  sudden  death; 
and  death  is  preceded  by  a  series  of  symptoms  which  announce  the  approaching 
end.  Finally,  we  arrive  logically  to  think  of  a  lesion  of  the  respiratory 
center.  .  Although  haemolysis  cannot  he  demonstrated  in  all  ciaet,  the  other 
"symptom  of  an  asphyctic  blood  picture,  the  dark,  laked  blood,  cf.  slight 
coagulability  is  quite  evident.  The  surcharge  of  the  blood  with  carbon 
dioxide,  which  is  the  result  of  oxygen  deficiency  caused  by  the  circulating 
anthrax  bacilli,  and  the  decreasing  coagulability  of  the  blood  D.ra  logically 
acceptable  facts  in  respiratory  paralysis.  The  incomplete  examination  of  the 
central  nervous  system  (•  CNS),  which  is  striking  in  the  literature  of  yr 

anthrax,  seems  to  be  a  neglect  and  a  gap  in  the  better  u\idr**s finding  of  the 
syndrome . 

If  we  begin  tc  suspect  that  disorders  of ,  the  CNS  are.  playing  a  spoqifQ. 
ro  >1  ^Tn~the'~anthrax  syndrome, _  then  thej'gfcpvq  .mentioned  syraptemo  receiye^* 

_ -oper  meaning.  Thus,- the ’ peripheral  disorders  are  lines  to  be  erxplalned 

not  exclusively  by  the  presence  of  bacteria  in  the  observed  l«alona.  We  find 
splenomegaly  in  rabbits  sometimes  of  identical  degree  in  caoeu  where  an 
abnormally  large  number  or  only  sporadic  specimens  of  bacteria  cf  the  same 
strain  were  found  in  the  pulpa,  while  splenomegaly  can  be  entirely  ab"nt 
and  yet  the  organ  can  abound  in  bacilli  (Sheep  No.  2),  Contrary  to  tnis, 

In  a  fev:  cases,  after  experimental  infection  under  the  ski:.,  splenomegaly 
and  hyperemia  of  the  small  intestines  Is  found,  without  ax.y  chance  of 
finding  bacilli  in  the  circulation  or  in  the  spleen  by  a.ear.s  of  guinea-pig 
inoculation.  Thus,  in  the  case  of  lung  disorders,  bs  they  either  pulmonary 
edema,  congestion  or  emphysema,  the  number  of  bacteria  that  can  bo  found 
microscopically  in  the  respiratory  tract  of  rabbits,  is  sometimes  so  small 
that  we  doubt  whether  the  lung  symptoms  could  be  ascribed  to  the  regional 
stimulus  of  contagion  in  the  organ,  since  it  also  happens  time,  the  lungs 
are  practically  free  of  pathological  changes  and  yet  tray  hove  a  large  . 

number  of  bacilli  of  tbe  same  strain.  jr 

The  more  we  pull  the  CNS  into  the  research  of  the  whole  pathological  y 
picture,  the  more  careful  we  should  be  that  ve  should  not  be  inclined  to 
seek  the  primary  cause  of  organ  deviations  in  the  total  peripheral  action 
of  bacteria,  especially  in  the  cases  where  the  observed  lesions,  including 
circulatory  disturbance,  hyperemia  or  i.nflanrrntion,  are  very  shapriy 
demarcated,  and  moreover  they  may  inclde  with  a  definite  r.eurf.l  area. 

A  small-intestinal  disease  which  is  sharply  limited  to  the  stomach  or  cecusn, 

or  one  which  is  exclusively  limited  to  the  colon  or  cecuia,  as  it  is  many 

times  found  in  rabbits,  a  paralysis  and  s.  secondarily  arising  inflammation 

of  the  esophagus  which  was  observed  in  a  horse  at  the  cto{,e  cf  byperimmuniiMw- 

tion,  bronchial  cramps,  ruminal  atonia,  splenomegaly,  anuria  and  abortion 

are  so  many  indications  of  the  share  which  the  nervous  system  can  have  in  . 

the  origin  of  functional  disturbances  of  the  organs.  Other  clinical  symptoms 

which  are  of  special  interest  in  this  •onneetioti  are  the  following: 

tremor,  muscular  cramps,  lowering  of  blood  pressure,  and  rapid,  almost 

imperceptible  pulse,  vascular  paralysis  and  edema,  nuiteoritm,  diarrhea  or 

constipation,  dyspnea,  salivation  and  epip3:ora,  A 

Reduced  sensitiveness  (hypoe3th>;cia ,  of  the  skin  can  be  observed  ii:  y 

rabbits  after  experimental  infection,  before  the  sen scram  appears  to  be 
disturbed.  A  few  hours  to  one  day  before  death,  while  the  animals  still 
do  not  show  any  locomotor  involvement  in  their  movements,  they  sometimes  dc 
not  react  any  more,  or  only  imperfectly,  to  needling  stimulation.  The 
sensations  in  the  cornea,  eyelids,  uu;i«r  lip  and  nose  remain  the  longest. 

With  an  otherwise  almoi  t  anesthetic  hind  portion,  at  a  scratch  in  the  interior 
hip  angle  a  sensory  relation  can  be  still  observed  for  a  while.  Among  tlx: 
animals  examined  in  the  above  de  serf  hi  cl  manner,  there  were  two  with  expressed 
inability  to  correct  tbe  unnatural  body  positions,  Whet  brought  in  a  supine 
position,  they  remained  in  this  posit  ion,  even  when  the  forepart  and  toe 
hindpart  were  turned  at  90  degrees  with  ragnri  to  each  other,  without  any 
resistance  or  any  attempt  at  correction,  until  they  veie  ogrlu  brought  in  tbe 
usual  lateral  position. 


w  mi  n  *"wsw 
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Undoubtedly,  all  these  symptoms  are  based  upon  neural  disturbance, 
either  of  the  cerebro-apinal  system  or  of  the  sympathetic  system.  For  a 
better  understanding  of  the  development  of  the  great  diversity  in  the 
symptom  cot  /lex  of  anthrax,  here  follows  a  brief  recapitulation  of  the 
position  and  the  function  of  the  most  important  neural  centers. 

The  cerebral  cortex  puts  the  organism  In  equilibrium  with  its  environ¬ 
ment.  It  dominates  the  reaction:  to  stimulation  which  are  originating  from 
the  external  world  apd  for  V^ich  a  dose  Of  eixpsrience  is  required  by  which 
the  organism  has  a  series  of  baflexes  at  its  disposal  which  are  not  inns.te 
but  ti>ey  rest  upon  experience- and/or  memory,  4he  so-called  conditioned 
reflexes.  In  this  >py,  th?  look  at  food  is  supposed  to  cause  in  a  reflex 
way  a  sepretion  of  jl&e  gkstrfc  Juice  as  a  proof  that  the  body  adjusts  it  (.’elf 
to  the  stimulus  f  row  the*  ,o*vtstde .  (in  opposition  to  these  conditioned 
reflexe3  are  the  unapnd4-|tifasvpd  reflexes  for  ^hicb  the  cooperation  of  tie 
cortex  of  the  cprebajm  ;pbt  required  and  which  arise,  e.g.,  by  chemical 
a  .d  mechanlcdll  NbJCt  to  the  conditioned  reflexes,  we  also  knew 


a„d  mechan  ic* 
o typical  cc 
«nd  t£ 

Although 
edequate  mov 
improlia^onq , 

apperceptic^ 


including  the  eyelid  reflex,  lacrim-utior. 


Thf  c 


i  r: w  ■ 

ugh  -tA$:  jtyer^baal  portex  is  injured,  yet  in  the  experimental  ir  imnlti 
ov5ti0tfce~wil^  still  remain  as  a  result  of  the  working  up  of  the 
a.?  ti,'  w*e  sense  organs,  Nevertheless  the  ability  of 

oa  lijwel'iiigqaee  .  are  supposed  to  be.  decreased  or  to  disappear.. 

ifliifv  ; :  -s  • 

dtov*' (ftTVathn  ,/snd  the  pallium  rule  a  system  for  affective  impulses 
1*T bsmijj  musculature,  and  chiefly  of  such  movements  c>l'  the  11m, bo 
b’ijfcw»R8»  b^ftiwiBg.  lesion  of  the  corpuB  striatum  are  alas 


auppqifcl  *. 

fhj  tla|l]iviu  .b&s  a  very  manyfold  function.  In  addition  to  sensory  aid 
notoy  pathwayjl,  it  Includes  also  secretory,  vasomotor  and  still  other  paths 
which  alre  iq  connection  with  the  sympathetic  system,  and  tc  a  oertsiu  extent 
they  aira  alsa  ploying  role  in  the  heat  regulation  of  the  body,  Stimulation 
of  the  caud^jj' portion  of  the  thalamus  in  the  animals  will  result  in  roaring, 
bellbwdsjg,  ^fl-so  on. 

Tha.'c'ar^jellujii  plays  a  certain  special  role  as  an  auxiliary  system  in 
the  paipteniuice  of  equilibrium,  without  itself  being  a  centrum  of  equilibrium 
in  the  propef  seejs^.  It  regulates  the  muscular  tonus  of  the  irunt  and  the 
limbs.  «  The  irurkiiije  collu  and  the  granular  calls  are  linkou  with  tlia 
cortiOO-spinyl'p^t^vaya,  and  impulses  from  the  whole  body  reach  along  here 
the  motor  ceritpra  of  the  meduli.a  oblongata  ar.d  the  spinal  cord.  The  cere¬ 
bellar  tonus 'is  baaed  in  a  gre^t  part  upon  the  so-called  depth  sense,  -the 
complex  of  sensory  impression'',  which  results  from  the  tensions  and  pressures 
upon  the  sole  of  the  foot,  in  the  Joints,  the  periosteum,  muscles  and  liga¬ 
ments  at  every  position  end  condition  of  the  body.  Disorders  of  the  cerebellum 
are  sujjposed  to  be  manifested  also  in:  -  atonia,  ataxia  and  asthenia.  With¬ 
out  caqjsing  a  general  inhibition  of  the  motility,  an  uncertainty  in  the 
control  of  the  standing,  walking,  and  equilibrium  is  observed,  thereby. 

Tie  medulla  oblongata  Includes  the  centers  for:  -  mastication,  swallowing, 
vomiting,  respiration,  regulation  of  the  heart,  and  the  vajx s  nerve,  the  vaso- 
motors,  the  secretion  of  saliva,  perspiration  and  glycosuria  and  furthermore 
the  centers  pf  the  caudal  cerebral  nerves.  Furthermore,  we  assume  there 
the  presence  of  a  general  center  for  convulsions  which  controls  a  special 
irritability,  of  the  total  musculature,  and  is  in  connection  with  the  center 
of  respiration.  The  digestive  apparatus  from  the  pharynx  down  to  the  colon 
is  undpr  the  effect  of  the  medulla  oblongata  (nervous  vagus).  Tne  centers 
in  tbe'pons  and  the  spinal  cord  collaborate  in  the  condition  of  t  he  animal. 
Prop  lumbar  and  sacral  spine  originate  the  nerves  for  defecation,  urina¬ 
tion  a|ud  parturition. 
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The  vasomotor  neural  centers  which  are  chiefly  under  the  control  of 
the  rnoculla  oolongata  are  still  able  tow  work  more  or  less  indepondentlv. 

.nil  those  centers  arc  in  close  direct  or  indirect  connection  with  the 
syrapathicus  system  which,  mostly  in  cooperation  with  other  neural  pathways 
ana  the  parasympathicus  and  chiefly  its  n. vagus,  is  charged  with  the  regu¬ 
lation  of  the  unconscious  processes.  At  present  we  do  not  sep&rato  any 
longer  the  autonomous  system  so  sharply  from  the  cerebrospinal  system,  for 
the  vegetative  centers  are  situated  in  the  latter  and  functionally  are  very 
closely  connected  with  it.  Generally,  we  should  say  about  the  autonomous 
nervous  system  that  the  centers  for  positive  activity  are  situated  in  the 
vertebral  and  praovcrtebral  ganglia,  while  those  for  the  negative  activity 
are  placed  in  the  praevertebral  and  terminal  ganglia. 

If  now  we  look  over  the  whole  markedly  varying  sympton  complex  of  anthrax 
in  connection  with  what  we  recalled  briofly  above  then  practically  everything 
n  be  referred  to,  lesions  of  the  cerebrospinal  and  vegetative  nervous  system, 
and  thus  to  excitation  or  paralysis  of  tho  functions  which  by  the  mentioned 
centers  and  neural  pathways  arc  controlled  in  such  a  sense  that  the  initial 
stage  is  characterized  by  increased  excitability  which  in  case  of  tho  continu¬ 
ation  or  ^ nation  of  the  stimul  passes  ovor  into  a  lowering  of  irrit¬ 

ability.  This  is  yet  a  known  fact  that  the  initial  stage  of  anthrar  .n  the 
cattle  and  buffaloes  can  be  associated  with  strong  excitation,  roaring,  jump¬ 
ing,  tossing,  kicking,  while  later  tho  results  of  a  depressed  sensorium  will 
come  in  tho  foreground.  How  much  one  has  to  watch  that  in  pregnant  animals 
no  abortion  is  provoked  by  the  vaccination  against  anthrax  for  the  roason 
that  the  center  for  the  uterine  contractions  is  stimulated  in  tho  lubar  spinel 
In  pregnancy  the  uterus  has  an  increased  irritability,  and  it  can  be  brought 
to  contractions  by  influences  whick  would  normally  remain  without  any  effect. 

Evon  the  well  known  splenomegaly  is  supposed  to  result  from  a  neural  cause. 

The  nerves  for  the  spleen  have  probably  their  origin  in  the  medulla  oblongata 
and  in  tho  cervical  part  of  the  spinal  cord  (LUCIA PI  ct  ol. ).  Peripherally 
they  pass  through  the  splanchnic  nerves  and  stimulation  of  these  narves  brings 
the  capsulo  of  the  spleen  and  the  trabeculae  into  contraction;  these  movement 
will  otherwise  occur  as. rhythmic  physiological  movements.  Hervcs  are  also 
assumed  which  at  their  irritation  will  cause  dilatation  of  the  spleen.  The 
splenomegaly  in  anthrax  has  not  to  stand  in  any  relation  at  all  with  tho 
destruction  of  red  colls  in  case  of  anthrax,  but  in  many  casos,  where  the  cel’ 
destruction  is  absent  or  it  cannot  bo  considered  important,  it  can  be  the  result 
of  a  degeneration  of  neural  centers  and  thus  a  result  of  loss  of  muscular  tonus 
of  tho  capsule  and  of  the  traveculos,  and  perhaps  at  tho  same  time  of  the  arter¬ 
ial  walls.  Tho  arterial  blood  keens  on  flowing  under  a  definite  pressure, 
while  by  tho  muscular  relaxation  in  tho  spleen  this  will  be  inflated  sometimes 
to  a  multiple  of  its  volume,  depending  upon  the  tonus  reduction,  so  that  out¬ 
wardly  the  organ  looks  as  a  gigantic  hncmatoma  as  it  was  often  found  in  thee 
big  domestic  animals.  The  softening  of  the  cor.tonts  of  the  cell  necrosis  are 
the  inevitable  sequelae  of  the  obstructed  blood  circulation  and  of  the  accumu¬ 
lation  of  metabolic  products.  This  explanation  will  become  still  more  accept¬ 
able  in  the  cases  whore  splenomegaly  is  found  without  speaking  of  any  destruction 
of  uhe  circulating  blood  (cf.Shesp  ?0  p.128  of  this  article.  The  lack  of 
splenomegaly  in  cases  which  show  many  bacteria  of  very  virulent  character 
(Poerwakarta  strain)  in  the  pulpa,  can  be  explained  by  the  fact  that  the  n oove 
described  neural  lesions  have  not  developed. 

It  is  well-known  that  lesions  of  the  spinal  cord  and  of  the  lumbar  cord 
may  cause  bladder  disorders  still  bofore  the  motor  muscular  involvement  can 
be  found.  Urinary  retention  can  bo  the  result  of  an  irritation  of  the  hypo¬ 
gastric  plesus,  but  also  of  a  degeneration  of  the  cells  in  tho  cerebral  cortex 
or  in  the  brainstem. 

It  is  not  nocessary  to  discuss  all  symptoms  in  detail;  surely,  many  of 
them  aro  complicated  by  secondary  changes  in  the  organs.  For  instance,  in 
the  case  of  hemorrhagic  enteritis,  the  question  is  whether  this  is  a  direct 
sequela  of  the  bacteria  foutjdb»t^''this  siter  for,  whether  the  anthrax  bacilli 
•  at  the  penetration  in  the .  iiStestine  wo  veld  be  in  a  position  to  provoke  such  a 


» 
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vehement  infla^natlon  of  the  intestinal  vail,  this  question  is  now  unlikely 

IT®  £*?is  T?$S?v?:Vf.rS,Sults  in  a  larC®  number  of  well-known  tests 

UaSREDKA).  oAHAIUiLLI  Af.D  i-ARCHSrSINI  also  came  to  tho  conclusion  that  tho 
intestinal  les.lons  in  anthrax  did  not  devolooe  primarily  cnterogonously. 

If  vo  aro  convinced  of  tho  groat  role  which  the  nervous  system  non  in  the 
peripheral  pathological  picture,  then  the  possibility  and  even  the  nrobab- 
ability  seems  to  be  great  that  the  penetrated  anthrax  bacilli  bring  substances 
into  tho  circulation  whose  character  is  still  not  definitely  established, 
and  which  exercise  a  fatal  offect  upon  tho  central  and  perifphcral  ganglion 
colls.  Both  by  motor  and  vasomotor  paralyses,  sharply  delimited  intestinal 
portions  can  sometimes  bo  the  sito  of  such  circulatory  disturbances  which 
result  in  all  grados  of  inflammation  or  necrosis.  That  such  intestinal  aroas 
havo  anthrax  bacilli,  docs  net. prove  anything  about  the  enterogenous  origin 
of  onteritis.  Anthrax  inflammations  have  the  tendency  to  assume  a  hemorrha¬ 
gic  character,  Nevertheless  it  is  very  much  a  question  whether  this  is  the 
typical  result  of  a  primary,  suddenly  destructive  action  of  the  contagion 
upon  tho  tissue;  for,  bacterial  products  of  such  a  malignant  character  are  not 
demonstrated  so  far  in  anthrax.  In  man y  case,  we  got  tho  conviction  that  we 
havo  here  a  merely  local  reaction.  Ir.  the  localised  forms  of  anthrax,  as  these 
were  chiefly  described  in  hogs,  often  we  find  bacteria  nowhere  else  in  the 
body  than  in  the  necrotic  or  hemorrhagic  processes,  e.g. ,  in  the  lymph nodes  or 
the  splenic  swellings.  Even  in  the  experimental  inoculation  of  anthrax,  at 
tho  site  of  the  inoculation,  there  will  bo  edema  of  the  skin,  in  several  cases 
combined  with  strong  congestion  and  necrosis.  From  this  wo  must  draw  the  con¬ 
clusion  that  tho  anthrax  bacilli  give  off  products  which  have  a  paralysing 
offcct  upon  tho  regional  vasomotor  nerves.  In  some  cases  it  is  nevertheless 
obsorvod  that  rabbits  infectod  with  a  virulent  anthrax  strain  and  killed 
boforo  tho  bacteria  could  roach  tho  circulation,  —  in  spite  of  a  negative 
course  of  guinea-pig  inoculation  or  culture  medium  inoculation  with  tho  blood, 
of  these  animals  —  can  show  marked  hyperemia  and  edema  of  the  small  intes¬ 
tines  ovor  the  entiro  length  and  an  enormous  overfilling  of  tho  bladder  with¬ 
out  finding  any  local  causo.  In  hogs  wo  sec  indeed  cutaneous  hyporemia, 
either  exclusively  on  tho  back  side,  or  limited  to  the  abdominal  side  or  to 
both  oars.  It  is  inadmissiblo  that  such  processes  could  be  local  reactions, 
tho  more  so  since  the  blood  .and  tho  spleen  may  contain  so  few  bacteria  that 
tho  re-inoculation  has  nogativo  results  (CROOKPIIAMIC) .  Kucn  more  probable  is  to 
accopt  for  this  a  primary  central  vasomotor  disorder.  Tho  following  cases  are 
proof  for  this  opinion. 


Hobbit  No.  902,  subcutanoously  inoculated  with  100  M.L.iJ.  Pocruakarta 
strain,  was  killed  28  hours  aftor  tho  infection.  From  the  blood,  spleen,  and 
brain,  material  was  inoculated  on  guinea-pigs  and  microscopically  examined. 

The  result  of  this  was  negative.  Yet,  there  was  a  sharply  circumscribed 
inflammation  of  the  small  intestine  manifested  in  strong  hyperemia  and  edema, 
without  finding  any  local  cause,  and  at  the  same  time  there  was  markod  dilata¬ 
tion  of  the  bladder. 


Rabbit  Mo.  893  was  killed  30  hours  after  subcutaneous  infection  with 
tho  samo  dose,  Ih  this  anur/al  also,  by  means  of  inoculation  of  blood  and 
omulsions  of  spleon  and  brain  upon  guinea-pigs,  which  nil  remained  alive,  tho 
existence  of  a  bactcriemia  could  bo  excluded.  Nevertheless,  there  was  a 
sharpoly  limited  small-intestinal  hyocreiaia  and  urine  retention. 

Rabbit  Mo.  806  was  killed  20  hours  after  tho  subcutaneous  infection  with 
the  same  dose,  and  inoculation  of  blood  and  organ  emulsions  upon  tho  guinea- 
pigs  likewise  did  not  give  any  result.  In  addition  to  the  urinary  retention 
it  also  show ad  marked  pulmonary  hyperemia  and  thickened  spleen  whoso  pulpa 
was  not  softened.  A  local  cause  for  the  splenomegaly  and  the  disturbed 
pulmonary  circulation  could  not  be  found. 

Rabit  No.  980,  subcutaneously  infected  with  only  1  M.L.D.  of  the  s ame 
anthrax  strain,  and  thoroafter  killed  ih  24  hours,  likewise  seems  to  have  no 
baoteriemia  on  the  basis  'of  tho  negative  course  of  guinea-pig  inoculation. 
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nn  enormous  bladder  dilatation  points,  nevertheless  to  tho  oxistance  of  a 
function  disorder  of  that  organ. 

In  addition  to  this,  thoro  are  examples  in  test  rabbits,  in  a  sheep 
ano  a  coat  which  oied  from  inoculation  anthrax,  and  which  demonstrated 
that  the  presence  of  a  burro  number  of  anthrax  bacilli  in  the  spleen  and  .  /  ' 

blood  does  not  noecssarily  go  in  combination  with  any  of  tho  above  mentioned  !  ■ 
symptoms.  Cases  are  thus  found  where,  independently  from  the  presence  of 
bacteria,  or can  affections  may  occur  or  bo  absent.  The  explanation  of  this 
can  bo  found  only  in  a  central  cause.  When  by  the  still  undetermined  anthrax 
toxins  certain  nerve  centers  are  injured,  peripheral  ore ah  lesions  arc  sup¬ 
posed  to  develop  independently  from  whether  in  the  attacked  parts  or  in  the 
blood  stream  bacteria  have  been  already  found  or  not,  while  tho  lack  of 
peripheral  symptoms  in  the  stage  of  septicemia  is  a  result  of  the  condition 
thft  incidentally  r.o  neural  centers  have  yet  been  attacked.  Next,  macros¬ 
copic  and  microscopic  examination  of  tho  CHS,  a  confirmation  of  this  assertion 
is  looked  for. 

In  a  number  of  experimental  animals  which  died  of  inoculation  anthrax 
tho  CHS,  a  confirmation  of  this  assertion  is  looked  for. 

In  a  number  of  experimental  animals  which  died  of  inoculation  anthrax 
tho  CHS  was  examined.  Since  at  the  opening  of  the  cranium  in  anthrax  .animals 
a  largo  amount  of  blood  pours  out  due  to  tho  reduced  coagulability  of  the 
blood,  and  tho  danger  of  the  contagion's  spread  is  thereby  not  just  imaginary. 
Complete  post-mortem  examination  of  tho  brains  in  the  domestic  animals  was 
limited  to  a  goat  and  a  horse,  floth  animals  showed  powerful  sero-sangulnolent 
inhibition  not  only  of  the  meningeal  membranes  but  also  of  the  cerebral 
parenchyma  itself.  In  tho  horse,  Hugh  swelling  of  th"  cerebellum  was  outstand¬ 
ing  wliich  according  to  estimation  assumed  about  l1;  of  its  normal  sire.  The 
cerebrospinal  fluid  was  also  discolored  with  blood. 

Of  a  number  of  rabbits,  tho  brains  gave  the  following  nostmorotm  pic¬ 
ture.  In  all  animals,  tho  cerebral  meninges  showed  hyperemia,  which  in  most 
animals  was  combined  with  smaller  or  larger  hemorrhage.'?.  In  a  fow  animals, 
thoro  was  hemorrhage  within  tho  meninges,  so  that  the  cerebrospinal ■ fluid 
still  remained  clear  and  without  discoloration,  while  in  other  animals  the 
blood  pigmont  ponotrated  into  the  cerebrospinal  fluid.  The  region  of  tho 
medulla  oblongata  and  that  of  the  cerebral  tentorium  are  visibly  predestihed 
for  blood  extravasatos.  This  is  so  probably  duo  to  the  presence  of  largo 
vascular  sinuses  which  arc  hore  located.  Under  one  side  of  the  medulla  oblongata 
the  sinus  basilaris  is  located,  while  in  the  cerebral  tontorium  the  sinus 
transvorsus  and  the  sinus  communicans  arc  located.  It  is  not  impossible  that 
fatal  symptoms  of  cerebral  congestion  are  demonstrable  the  most  clearly  in 
this  area. 

.  In  tho  following  rabbits,  blood,  effusions  could  be  found  chiefly  in  the 
meninges  around  the  medulla  oblongata: 

Rabbit  Ho.  829,  large  haemorrhage  on  the  right  inferior  side; 
spinal  fluid  still  clear. 

Rabbit  Ho,  828,  on  the  inferior  and  lateral  level;  with  dif¬ 
fuse  red  imbibition  of  the  meninges;  spinal  fluid  still  clear. 

Rabbit  ?’o.  82.5,  haemorrhagic  discoloration  of  the  meninges 
directly  behind  the  cerebellum;  bloody  spinal  fluid. 

Rabbit  No.  833,  at  about  tho  same  site  hemorrhage,  red  cerebro¬ 
spinal  fluid.  Moreover,  also  a  pin-hood  sized  hemorrhage  in  the  meninges  on 
the  cerebral  basis. 

In  a  fow  other  rabbits,  the  most  marked  affections  were  found  in  the 
region  of  tho  cerebral  tentorium. 
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Rabbit  No 
tha  meninges; 
pin-hoad  sized 


•  831 ,  slight  bloody  infiltration 
spinal  fluid  clear;  on  the  base  of 
hemorrhage. 


ravi  , 
the 


'•k'-d  congestion  of 
.obus  piriformis, 


Rabbit  l!o.  832,  at  the  he  in)  it  of  the  corners  qnndrigcr.J.na  row-  flat 
hemorrhages,  ccrcbrosphnal  fluid  red.  Udowa  of  the  '-'icnln  -cs,  chiefly  of 
toe  oercbral  basic. 


Rabbit  do.  82k ,  local  edematous  svellinv  and  slight  diffuse  bloody  in- 
f titration  around  tho  sinuj  transversus,  whilo  the  unoor  part  of  the  r.enir.ftos 
does  not  shot;  any  affection,  and  docs  not  c.-cm  to  be  oven  hyooremic. 

Rabbit  I!o.  821,  marked  hyperemia  of  the  mcr.ingon  from  the  sinus  trans- 
versue  over  the  tipper  surface,  and  near  the  basin  gradually  decreasing. 


Rabbit  Mo.  019,  blood  extravasato  in  the  cerebral  tentorium  alone.  . 


Rabbit  Mo.  975,  marked  diffuse  meningeal  hyperemia  tilth  edema.  Marked 
increaso  of  clear  sninal  fluid. 


The  above  mentioned  cesos  concern  animals  which  acutely  perished  due  to 
anthrax  infection.  My  simultaneous  inoculation  of  culture  and  immune  servun, 
the  course  of  disease  can  be  lour:  dratm  out,  avid  tho  postmortem  findings  of 
tho  brains1  can  ! ->c  compared  in  more  chronic  cases  with  the  findings  in  tho 
acute  forms.  Although  in  general  it  can  be  stated  that,  according  to  the  cura- 
tion  of  tho  sickness  the  hyperemia  of  the  cerebral  meninges  in  decreasing,  this 
is  still  not  the  rule  since  after  six  days  of  disease  the  congestion  of  the 
vessels  can  still  bo  narked.  As  to  the  amount  of  cerebrospinal  fluid,  no  steady 
rulo  can  bo  lined  out  either.  In  a  few  animals,  in  acute  cases,  the  amount 
is  sometimes  strongly  increased;  ir.  other  animals  this  is  the  case'  only  in  a 
long  duration  of  tho  disease.  The  spinal  fluid  never  contains  leukocytes, 
while  lymphocytes  can  be  sporadically  found  in  if.  In  cocos  of ^turbidity  of 
tho  spinal  fluid,  this  is  the  result  of  an  ncrArturo  of  cellular  dotritus, 
mostly  derived  from  necrosis  of  ependyma  cello  anl  fro.;  occasional  erthrocytos. 


Tho  amount  of  anthrax  bacteria  found  in  thy  cerebrospinal  fluid  and  cere¬ 
bral  parench  varies  markedly.  Ir.  general,  its  conn  ..air. ration  is  more 
marked  in  acute  cases,  yet  it  is  under  that  four/l  in  the  blood  and  in  the 
sploon,  Nevertheless,  sometimes  in  the  blood  only  moradic  bacteria  can  be 
found  microscopically,  but  an  enormous  thriving  of  the:;,  can  bo  found  in  the 
subdural  fluid.  Long  threads  with  roll  dev.' . loped  capsules  lot  us  suspect  in 
tho  beginning  that  this  .fluid  could  be  considered  as  a  orodilcctioncd  cite  for 
the  bacterial  growth.  Repeated  tests  hnvo  shoved  however  that  those  cases 
are  exceptions,  and  tho  8M:'  seems  to  be  rather  rn  environ:  ant  in  which  the 
anthrax  bacilli  ore  being  dectrocd  than  being  .-bio  to  s.vlj.t  ar.d  to  develop. 
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The  histological  re  search  of  the  organs  ir.  anthrax  v.r  chiefly- directed 
upon  the  organs  of  the  nervous  system.  Concerning  the  other  organs,  namely 
tho  heart,  kidney  and  liver,  wo  find,  -...ore  data  in  the  literature  and  tho 
below  given  results  arc  meant  as  a  supplement  to  tha  already  known  facts, 
whose  corroboration  the;.-  form  only  with  the  diffcror.ee  that  the  observed 
structural  changes  in  tho  kidney  ar.ci  liver  which  wore  seen  in  our  research 
seem  to  be  of  much  more  destructive  type  than  it  could  be  derived  from  tho 
publications  availabe  to  us. 


Tho  material  of  tho  research  is  derived  from,  -.'iff 


t 


of  the 


pathological  course,  mostly  in  rabbits.  After  experimental  infection  with 
anthrax  bacteria  in  different  doses,  tlicre  were  kill  o',  at  definite  timo  inter¬ 


vals,  so  as  to  be  able  to  follow  tho  degenerative  processes  in  their  develop¬ 
ment.  Besides,  material  was  also  taken  from  acute  to  very  chronic  cases  of 


t'no  disease,  and  comparative  investigation  was  also  carried  out  in  other 
animal  species.  The  effect  of  the  dosage  of  the  contagion  in  case  of  oxpori- 
mental  infections,  the  occasional  sequelae  of  vaccination  and  infection  of 
o :cpe rime nt ally  or  naturally  resistant  animals  on  the  pathological  histological 
picture  were  studied,  partly  on  paraffin  sections,  partly’  as  a  supplement  in 


frozen fsoctions*  For  the  first  method  tho  material  of 
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frozen  sections.  For  the  first  Method  the  material  of  parenchymatous 
organs  was  fixed  in  10>  formaline  and  Pouin  solution  (formaline-picric  acid- 
glacial  acetic  acid)  and  stained  with  haomaluin-oosine.  Van  GIBSON  and 
GIB. iSA.  For  tho  organ  sections, made  with  the  freezing  microtome,  mostly  the  ' 
fat-staining  with  Sudan  III  was  adaptod. 


LIV’JIB. 

In  a  series  of  rabbits  subcutaneously  infect  with  100  K.L.D.  of  the 
Pocrwakarta  strain  of  anthrax,  a  dose  calculated  for  them,  the  livors  were 
examined  20,  23,  44,  52,  and  68  hours  after  tho  infection.  By  reinoculation, 
of  blood  and  omulsions  of  spleen  and  brain  on  guinea-pigs,  it  could  be  deter¬ 
mined,  according  to  tho  negative  results  of  the  tests  at  the  first  mentioned 
t’-o  periods,  that  tho  septicemia  stage  in  rabbits  occurs  only  later  than 
23  hours  after  the  infection.  -Thus,  in  tho  results  of  tho  investigation  tho 
remarkable  featuro  is  that  tho  found  pathological  changes  developed  in  the. 
two  first  mentioned  periods  before  a  bactericmia  existed,  and  thus  they  are 
the  result  of  a  localized  stage  of  anthrax. 

Twenty  hours  after  the  infection  already,  liver  degeneration  can  bo 
observed.  Tho  organ  is  very  hypcrcmic,  and  capillary  haemorrhages  are  scattered. 
The  nuclei  of  the  hepatic  cells  vary  in  size,  and  many  of  them  .ire  phlcnotic, 
or  happen  to  be  swcllon  and  in  lysis,  and  can  bo  recognized  only  as  ghosts-. 

The  cellular  boundary  lines  disappear  and  'the  protoplasma  is  disintegrated  in 
largo  granules,  and  is  vacuolizod  at  many  places.  With  Sudan  staining,  it 
sooms  that  a  fatty  degeneration  occurred,  yet  this  is  not  evenly  spread  over 
the  entire  tissue,  and  in  addition  to  the  fatty  vacuoles  there  are  also  othors, 
larger  ones  which  have  no  definite  contents,  and  they  are  surely  not  of  lipoid  . 
naturo.  Together  with  a  slight  fatty  degeneration,  there  is  thus  another  kind 
of  degeneration  present  which  gives  tho  picture  of  much  larger  granualtion, 
vacuolization  and  cytolysis.  It  gives  tho  nicturo  of  rapid  devastation  of 
tho  hopatic  colls  with  tho  character  of  liauof action  or  lysis,  and  not  in 
accordance  with  tho  picture  of  an  ordinary  albuminoid  or  fatty  degeneration. 

Tho  intensity  of  this  process  may  vary  according  to  the  site,  and  it  is  not 
evenly  marked  everywhere  in  tho  fiold  of  vision.  At  a  later  stago  the  hyperemia 
increases  in  such  a  way  that  tho  tissuo  accuircs  a  porous  aspect  by  the  markedly 
dilated  capillaries.  Twenty  eight  hours  after  the  infection,  the  vacuolization 
and  tho  lysi3  of  colls  became  so  intensive  that  only  crude  granular  residues 
seem  to  bo  left  over  from  many  cells.  Although  the  fatty  degeneration  also 
increased,  the  lipoid  granules  seem  to  be  too  fine  to  explain  the  gross  vacuo¬ 
lization  on  tho  paraffin  soctions.  Those  are  not  stained  with  Sudan  in  frozen 
preparations  so  that  it  seems  from  this  that  both  forms  of  protoplasma  destruc¬ 
tion  have  increased,  of  which  however,  tho  cytolysis  is  the  dominant  one.  The 
trabecules  are  not  disturbed  in  their  course,  execot  somewhat  driven  apart  by 
the  marked  capillary  congestion.  Small-cellular  lymphocytic  infiltration  does  . 
not  occur,  and  only  in  a  few  cases  are  there  scattered  leukocytes  observed  in 
the  liver. 

To  investigate  the  effect  of  the  infective  dose  upon  the  intensity  of 
tissue  destruction,  a  rabbit  was  also  inoculated  with  only  1  K.L.D.  of  th<> 
same  anthrax  strain,  and  killed  after  20  hours.  It  is  surprising  that  tho 
degree  of  cellular  lesions  seemed  to  be  not  less  than  after  the  100  K.L.D. 
in  the  same  timo.  Tho  hyperemia  is  even  more  narked  with  the  small  does; 

■  here  also  the  cellular  boundary  linos  disappear,  and  the  nuclei  vary  greatly 
in  size  and  stainability.  Tho  cell  protoolasma  is  vacuolized  withouth  the 
occurrence  of  a  fatty  degeneration,  from  which  it  seem3  the  most  likely  that 
in  addition  to  the  fatty  degeneration,  another  form  of  cytonecrosic  also 
occurs  in  anthrax. 

A  very  significant  point  is  that  this  intensive  cell  devastation  occurs 
at  a  stago  in  which  no  bacteria  are  yet  circulating  and  thus  it  must  be  the 
sequela  of  the  action  of  a  strong  poison  (toxin)  or  enzyme. 
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Long  after  m  anthrax  infection  has  boon  passed  through  and  no  bacteria 
can  be  ooaionstratoc-  any  longer  in  the  organs  end  in  who  blood,  the  liver  does 
not  socin  to  have  recovered  from  the  nnr.uol.-::  of  the  possible  Toxic  action 
rox*  six  tracks  after  the*  infection  “the?  h<»r>rvLic  colls  cr.n  bo  still  laavkoulv* 
vacuolated,  so  that  in  many  of  thc.it  the  orotoolncvm  nee!:-, a  to  bo  completely 
dissolved.  The  hyperemia  of  the  orgcu  is  however  a~ain  diminished,  and  a 
normal  blood  supply  takes  place  throughout  the  or "an.  ,  ,  ( 

The  histological  changes  in  the  livers  of  rabbits  v:er«-  found  to  bo  of 
the  samo  kind,  and  of  the  sane  intensity  in  the  sheen  anu  in  the  coat.  Here 
also,  acute  hyperemia  and  cellular  destruction  vdth  vacuolization  occurred. 

That  a  normally  running  vaccination  against  anthrax  is  not  harmless  to 
tlxo  liver,  it  appears  from  the  owr.wir.ntion  of  a  rabbit  which  had  well  toler¬ 
ated  on  injoction  'of  1  cc  of  D.R.g.  vaccine.  Thirteen  days  after  the  vaccina¬ 
tion  the  above  described  cellular  lesions  and  circulatory  disorders  rxsre 
found;  they  wore  of  less  narked  degree  than  in  the  above  mentioned  cases. 


oliocp  No.  7,  which  previously  was  immunised  by  vaccination  islth  o.25  cc 
of  a  D.R,?..  vaccina,  was  infcctr-l  3  weeks  later  xith  1000  K.L.U.  of  tho  Pocr- 
wnkarta  strain.  Apparently,  it  tolerated  tho  infection  well.  Three  weeks 
latex*  it  was  killed.  Tho  liver  showed  the  known  picture  of  hyperemia,  parenchy¬ 
matous  and  fatty  degeneration,  and  scattered  occurrence  of  oytolysis. 

Castle  No.  35b,  having  been  used  foi“  years  for  the  nroduction  of  immune 
sora,  had  worked  up  an  enormous  dose  of  fully  virulent  anthrax' bacillus  cxil- 
tures  without  difficulty.  At  its  slaughter,  its  nutritional  state  reemed  to 
be  vex*y  good,  and  yet  a  paronchv- .atone  and  fatty  degeneration  was  actually 
found  in  tho  liver.  Although  in  the  latter  c as as  .with  tho  animals  of  active 
immunity  the  hopatic  destruction  wan  of  a  :  uch  milder  degree  than  in  the  acute 
forms  of  anthrax,  novorthclosr.  it  seems  t’nat  this  form  of  Immunization  does 
not  represent  a  particular  disadvantage  for  the  body  and  r  1  alt  or  infection  can¬ 
not  be  of  a  harmful  action  or  ot  the  most  only  in  n  limited  do proa. 


KIDNEY". . 


In  all  tho  abovo  mentioned  cases  the  nJ/incyf.  wore  also  histologically 
examined. 


lloro  olso,  it  could  bo  corroborated,  that  already  before  tho  septicemic 
stage  tho  kidneys  can  undergo  intensive  dews  novation  which,  just  as  tho  livor 
degeneration,  con  bo  only  tho  aceuols.  of  an  agent  of  strong  action  which 
attacks  the  body  from  tho  site  of  the  infection. 


Already  20  hours  after  tho  lr.IVctio"  of  -  rabbit  with  100  N.L.D.  of  the 
Pocrwakax’ta  strain,  marked  hypci’o;  ia.  of  the  kwhur's  is  :s,.r.iki’r';  it  can  lead 
to  scattored  canillaxy  hemorrhages  in  tho  cortical  l\vcr.  In  :sny  cases, 
although  still  blood-containing,  the  glomeruli  ear,  shrunk  in  a  peculiar 
manner,  and  the  syncytium  shows  the  wicturo  of  liquefaction.  striking  is 
the  marked  variation  in  the  caliber  of  the  tubuli.  In  thn  cortex,  areas 
apnonr  whore  the  epithelium  is  swollen,  to  an  aworphus  r:asr.  which  completely 
fills  tho  lumen  of  tho  tubuli.  According  to  the  result  of  Sudan  staining, 
there  is  a  regional  slight  fatty  degeneration.  .  In  other  areas  the  epithelial 
colls  can  be  liquefied  to  a  fibrous,  vaouoli:xd  mass  which  entirely  obstructs, 
or  not,  the  tubular  lumina.  In  accordance  vrith  this,  the  tubuli  ax*c  markedly 
dilated  as  a  result  of  iu*inax*y  stasis.  Tho  coll  nuclei  also  show  signs  of 
necrosis  which  is  chiefly  -manifested  in  karyolyois. 

At  a  later  stage  in  the  pathological  process,  the  microscopic  picture 

is  dominated  by  tho  scattered  occurrence  of  urinary  cysts  which  aro  mostly 

found  in  the- cortical  zone.  Tho  renal  congestion  can  diminish  and  change  V  \ 

>  • 
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into  a  condition  of  anemia  where  tho  flomoruli  arc  shrunk  in  a  largo 
nur.be r.  Tho  shrinkage  space  within  tho  glomerular  capsule  is  filled  out  •; 
viiJi  a  homogenous  coagulatou  colloidal  mass.  Beside  this,  also  apnarontly 
fully  intact  glomcrulo  can  bo  found. 

In  addition  to  the  regionally  occurring  fatty  paronchyiiatous  degenera¬ 
tion,  the  epithelial  colls  have  undergone  a  very  intensivo  destruction  along 
tho  way  of  vacuolization  and  liquefaction.  Their  internal  wall  is  maredly 
fibrotic,  and  tho  cells  apparently  dissolve  in  the  direction:  with  their  nec¬ 
rotic  products  they  fill  up  tho  tubuli  entiroly,  and  obstruct  the  urinary 
drainage. 

Towards  tho  medullary  layer,  this  cytolysis  decreases  in  tho  straight 
renal  ducts,  and  the  fatty  degeneration  becomes  somewhat  stronger.  Even  here, 
a  variation  can  be  observed  in  the  width  of  the  lumen,  but  not  to  such  a 
dwgree  as  in  the  cortical  zone. 

It  is  true  for  the  kidneys  and  for  tho  liver  that  a  more  .advanced  stage 
of  the  disease  does  not  necessarily  indicate  also  identical  developmental 
phase  in  the  degenerative  process  of  theso  organs.  This  is  effected  by  more 
factors  than  time  alone,  and  it  is  thus  also  possible  that  the  cell"’’ cr  lesions.! 
in  these  organs  can  be  more  intensive  at  a  yournger  stage  than  in  a  more 
chronic  form  of  sickness. 

In  spite  of  an  existing  marked  renal  congestion,  the  flomoruli  can  be 
somewhat  anemic,  from  which  it  seems  that  the  organ  hyperemia  is  not  functional 
but  it  has  a  connection  with  the  tissue  destruction.  The  parts  where  the  cell 
necrosis  is  the  most  marked  have  the  most  blood. 

The  infective  dose,  as  it  was  also  noted  in  the  case  of  the  liver,  is 
not  in  a  proportionate  relation  with  the  provoked  pathological' organic 
changes.  Compared  with  nephritis  due  to  infection  \ith  100  .M.L.D.  of  the 
Poerwakarta  strain,  the  same  animal  species  (rabbit)  showeved  an  intensive 
form  of  cellular  devastation  of  the  sane  degree,  except  the  hyperemia  was  less 
expressed. 

In  chronic  cases,  when,  at  simultaneous  inoculation  of  virulent  culture's 
and  immune  serum,  the  infection  could  bo  tolerated  for  longer  poriods  of 
time,  tho  kidneys  seemed  still  less  able  to  excape  the  devastating  effect  of 
the  agent. 

Even  six  weeks  after  such  kind  of  infestion,  when  the  body  is  free  of 
bacteria  according  to  the  negative  results  of  guinea-pig  inoculations  with 
blood  and  organ  emulsions,  a  picture  of  liquefaction  and  vacuolization  of  the 
epithelial  cells  is  found,  on  their  interior  side  toward  the  lumen,  the  cells 
can  be  still  somewhat  fibrotic;  parenchymatous  and  fatty  degeneration  i3 
definitely  present;  it  is  at  a  lesser  degree  than  in  the  acute  cases.  The 
glomeruli  have  recovered  their  normal  appearance;  tho  variances  in  the  width 
of  the  lumina  of  the  tubuli  are  more  levelled  off,  yet  the  total  picture  points 
out  that  the  tissue  is  recovering  slowly  and  with  difficulty  from  the  devastat¬ 
ing  action  of  the  agent. 

Although  it  is  externally  without  difficulty,  tho  vaccinationnlso  .seems  t/ 
to  be  not  of  a  harmless  nature  for  the  kidneys.  Renal  hyperemia  and  parenchy- 
natous  degeneration  point  to  a  nephritis  as  a  result  of  an  anthrax  vaccina¬ 
tion  applied  to  a  rabbit.  Just  as  it  was  soon  at  the  examination  of  the  liver, 
a  well-tolerated  active  immunization  does  not  protect  the  kidneys  against  tho 
fatal  effect  of  an  afterward  following  infection  with  virulent  anthrax  strain.. 
Sheep  Ho.  ?,  without  any  apparent  difficulty,  after  tho  vaccination,  had  tolerate 
an  infection  with  1000  K.L.D.  of  the  Poerwakarta  strain.  When  three  weeks 
later  it  was  killed,  intensive* degeneration,  vacuolization,  and  liquefaction 
of  the  epithelial  cells  of  tho  cortical  layer  was  found.  In  addition  there 
wore  also  areas  where  the  tissue  remained  more  intact,  yet  the  general  aspect 
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vxas  that  of  a  grave  nephritis.  Even  the  g iorr.vuli 
zation,  while  in  the  medullar.'/  layer,  where  the  dr: 
expressed,  small  diapodetic  haemorrhages  wcei  round 


were  not  1  re c 
one  ration  was 
at  scattered 


of  vacuoli- 

loss 

sites. 


Characteristic  for  the  organ  degeneration  in  anthrax  in  that  no  small- 
cellular  lymphocytic  infiltration  can  'he  found,  it  is  not  improbable  that 
the  slow  recovery  of  the  liver  and  kidney  dir.cnsoo  in  this  pathological  entity 
is  duo  to  the  fact  that  loukocytes  do  not  cor.  pc  rate  in  the  process  of  trans¬ 
porting  tho  degenerative  products  .vhivi  in  tissue  purification. 

* :  v  v.  * 

The  process  of  gradual  hyperimmurAxAtior  in  scrum  animals,  as  it  seems 
in  the  liver  examinations,  is  -not  without  effect  upon  the  kidneys.  Paroncy-  . 
matous  nephritis  in  scrum  cattle  ho.  35^ ,  associated  with  hepatitis,  shows  V 
that  an  antitoxic(?)  immunity  is  a  doubtful  enaction  in  hyperimmune  animals. 


Tho  findings  in  hepatic  and  renal  examinations  of  acuto  anthrax  cases 
in  rabbits  arc  corroborated  as  to  character  and  intensity. by  the  histological 
examination  of  those  organs  in  sheep  and  goats.  In  these  animals,  too,  the 
pathological  process  is  characterized  by  tho  vehemence  of  cell  destruction, 
which  is  accompanied  by  fatty  dcgcr.ci'ation,  vacuolization  and  liquefaction. 

HEART. 

In  a  few  rabbits  and  a  snoop  the  heart  was  histologically  examined  in 
the  casos  in  which  death  came  suddenly  as  a  result  of  anthrax. 

In  case  of  positive  myocarditis,  the  muscular  tissue  is  hype ramie, 
edematous,  and  the  fibrils  are  driven  apart.  Fatty  and  parenchymatous  degen¬ 
eration  is  here  tho  usual  picture,  a  degeneration  in  which  the  muscular  cells 
can  disintegrate  into  gross  granuels,  and  the  very  thin  snrcolema  changes  over 
into  an  almost -empty  sheath.  Local  proliferation  of  tho  muscular  nuclei 
occurs.  Typicalfor  such  inflammations  is  again  the  absence  of'  leukocytes  in 
spite  of  the  tissue  destruction.  Yet,  it  is  a  rule  that  any  serious  symptom 
of  myocarditis  is  absent,  and  the  tissue  car.  have  a  normal  anpoeranco  ovor 
large  distances,  .  Only  at  scattered  a  .’.tea  .:r.v  cue  muscular  cells  show  suggestion: 
of  a  slight  parenchymatous  degeneration.  Tl.“  heart  of  the  sheen  shows  not  the 
smallest  histological  involvement.  Tho  more  iYJminantly  the  death  arrives,  the 
smaller  the  myocardium  is  attacked. 

The  BRAllDSBUrtO  tc’STS  hive  indicated  that  v:e  must  bo  very  cautious  in 
searching  for  the  cause  of  myocarditis  ir.  rr  a  gent  which  would  act  directly 
upon  tho  cardiace  muscle.  In  rabbits  and  dors  if  their  cervical  sympathetic 
nerve  or  the  vago-symipathctie  is  cut  out,  tivuv.  •..All  be  somo  edema,  round¬ 
cell  infiltration,  degenerative  structural  changes  in  the  myocardium1 s  colls, 
which  show  resemblance  to  the  histological  findings  described  in  anthrax. 

The  probability  that  in  anthrax  the  myocardial  degenerations  thus  arise  second¬ 
arily  .to  a  noural  disorder,  i.e,,  a  lesion  of  the  symoathicus  and  pnrasyro- 
pathicus,  this  probability,  in  connection  with  the  later  histological  find¬ 
ings  became  larger. 

In  connection  with  the  above  described  histological  changes  in  the  par¬ 
enchymatous  organs,  it  is  pertinent  to  bring  uo  briefly  the  opinion  of  .GIHGER, 
His  publications  on  the  histological  examination  of-  organs  in  anthrax  announce 
among  others  that  death  may  come  so  rv-A.b I  y  that  demonstrable  cellular  lesions 
can  be  absont.  The  liver  colls  arc  subjected  to  a  fatty  degeneration,  which 
can  again  disappear  near  death.  Glycogen  disappears  from  the  liver.  The 
gravest  form  of  renal  degeneration  is  due  to  tho  fatty  degeneration  of  the 
ooitholial  cells,  nevertheless  in  more  canes  of  fatally  running  anthrax  in 
the  small  experimental  animals  no  other  affection  could  bo  found  but  hyperemia. 

II 

The  most  known  textbooks,  among  others  those  of  FRIED BEIiGEk  and  FTiOHNER , 
and  that  of  HUTYRA  and  FARECK,  recall  only  tho  existence  of  swelling,  paren¬ 
chymatous  degeneration  and  marked  hyperemia  of  the  kidney  and  liver.  Ho who re 
are  the  enormous  cellular  devastations  mentioned  which  have  been  regularly 
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found  in  these  organs  of  our  experimental  animals.  Even  in  connection 
\:ith  tnc  later  to  bo  discussed  pathological  changes  in  the  noural  colls,  here 
‘Gfinthe  markedly  destructive  action  of  the  anthrax  agent  should  be  pointed 
out  which  makes  itself  active  already  before  tho  scoticomic  stage.  First  of 
all,  tho  character  of  the  cellular  losions,  vacuolization  ar.d  lysis,  which 
is  al3o  soon  in  the  CM.',  call  attention  to  themselves,  and  can  be  perhapo  of 
significane  for  the  identification  of  the  nresently  only  hyoothotical  anthrax 
toxin. 


JiloTCLCGICAL  IliVSGTIflATIOw  OF  THE  CbiiTR'.L  r&Woro  rar,TiT.;(K.H.r,.l 


•  In  tho  examination  of  such  a  fine  tissue  as  tho  nervous  system,  v:e  have 
to. exclude  nossibly  everything  which  would  load  to  tho  formation  of  arte¬ 
facts  at  fixation',  further  tissuo  treatment  and  staining.  The  chiof  require¬ 
ment  is  that  the  tissue  pieces  should  be  f lured,  while  warm,  immediately  after 
the  arrival  of  death.  For  tho  making  of  paraffin  sections,  the  best  is  the 
fixation  in  80,1  ethyl  alcohol  for  only  a  few  hours,  followed  by  a  longer  stay, 
o.g. ,  overnight  stay,  in  90,1  alcohol.  In  anthrax  it  seems  that  is  tho  nervous 
system  a  softening  process  occurs  so  that  in  a  70#  alcohol,  probably  as  a 
result  of  inporfect  fir: at ion,  often  a  white  sediment  develops  which  will  not 
occur  with  the  use  of  an  at  least  80#  alcohol  through  several  steps  of  tissuo 
hardening. 


The  dehydration  can  bo  made  in  acetone,  whore  tho  material  should  remain 
not  more  than  2  hours  to  bo  put  into  molted  paraffino  for  a  similar  time. 


Among  the  other  usual  fixation  agents  for  use  with  tho  common  stainingr , 
the  Douin  solution  is  to  be  recommended.  This  solution  gives  bettor  shrinkage  . 
pictures,  yot  after  this  fixation  the  staining  in  the  finer  differentiation 
stands  behind  tho  ono  after  the  uso  of  alcohol.  For  comparative  examination, 
in  a  few  animals  silver  inprec ration  of  tho  neural  tissue  was  used  after  formalin 
fixation. 


Since  in  tho  tropics  wo  havo  to  uno  a  paraffino  of  high  melting  point, 
of  60°C,  the  material  should  stay  in  it  as  briofly  as  possible.  The  uso  of 
a  freozing  microtome  is  therefore  recommended  for  comparative  studies. 

In  the  courso  of  examination  the  line  was  followed  essentially  which  was 
in  the  oxainination  of  the  livor  and  kidney.  In  a  comparative  way  thehhistologieal 
examination  of  the  brain  in  rabbits  is  supplemented  with  examination  of  the  brain 
in  sheop,  goats,  cattle,  horse,  dove  and  hen. 

RAT-FilT 

BRAI11. 


Tho  pathological  histological  changes  were  traced  at  different  parts  of 
tho  cortex  at  successive  stagos  of  experimental  anthrax.  Casco  of  chronic 
anthrax  were  studied  in  animals  which  by  tho  acbdiiir.tr ation  of  immune  serum 
have  withstood  tho  fatal  infection  for  several  days,  or  evon  survived  it. 

In  a  series  of  rabbits,  some  havo  already  died  before  the  septicemic 
stage  which,  by  means  of  guinoa-pig  inoculation  of  blood  ancl  organ  cmulsiop , 
could  be  put  at  30  hours  after  the  subcutaneous  infection.  Thcrcfy  it  could 
be  determined  that  already  20  hours  after  the  infection  with  a  virulent 
anthrax  stain  definite  cellular  reactions  havo  developed. 

Ono  of  the  most  complicated  problems  in  tho  study  of  pathological  pro¬ 
cesses  in  the  CMS  is  the  exact  evaluation  of  tho  importance  of  the  glial  • 
elements.  Their  multiformity,  origin,  mutual  task  distribution  have  not  yot 
been  uniformly  evaluated  in  the  literature.  HI3.CL  distinguished  two  forms  in 
the  ectodermal  neuroglia  colls:  -  one  with  small  dark  nuclei  tho  size  of 
lyTnphocyto3,  and  another  with  larger  less  chromatin-containg  nuclei.  Both 
possess  only  a  little  protoplasma.  Aside  from  those  with  brightly  staining 
nuclei,  other  cells  also  occur  with  bizarr  protoplasma,  where  the  nuclear  form 
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is  m°dlfiod,  and  it  can  bo  ho8kc-d,  lobular,  or  ctab-forncd.  lH-ttL  thinks 
that  for  the  cell  determination  tho  classification  according  to  tho  form 
of  the  nuolou  is  of  the  greatest*  i  inport  an  cc  • 

SPIELl-HIER  made  an  effort  to  come  to  a  'oetter  insight  in  tho  glial 
tissue  by  the  study  of  the  tissue's  behavior  under  the  pathological  circum¬ 
stances.  Here,  according  to  him,  two  tyres  of  changes  occur:  -  the  so-called 
progressive  and  the  rogressivo  changes.  Tho  latter  nro  characterized  by 
shrinkage  pictures  in  tho  more  slowly  occurring  forms  of  d ore no rat ion  and 
kuryorr  herds  in  the  acute  processes.  Karyolysis  should  dovelop  loss  often. 

In  case  of  shrinkage ,  tho  coll  type 3  with  the  small  darker  staining  nuclol 
will  predominate,  and  tho  bright,  chroxat in-poor  nuclei  will  decrease. 

According  to  SPIED  lEYER,  hypcrchromatosis  of  the  entire  nucleus  is-  also  a 
sign  of  disintegration,  and  then  there  occurring  new  formation  of  nuclear 
substance,  which  in  chemical  respect  is  rolatcd  to  the  substanco  of  the  nucleo¬ 
lus,  must  bo  considered  as  a  sign  of  regression.  Although  karyorrhectic  glial 
typos  may  occur  undpi*  normal  condtions  (young  rabbits),  nevertheless  these  are 
otherwise  to  •  understood  as  manifestations  of  regression. 

'  » f 

The  progrps^ivo  glial  changes  lead  to  a  largo  diversity  of  noculear  and 
cellular  motnnibrt>hosPs*  This  progression  is  manifested  both  in  hypertrophy 
and  in  hyperplasia.  In  the  first  for:-),  tho  enlargement  of  tho  cell's  body 
is  combined;  with  incroasod  chromophilia.  Tho  round  or  oval  nucleus  under¬ 
goes  an  increase  and’ has  a  white  (pale)  appearance,  whereby  tho  markedly  stained 
nucloolus  is  sharply  outstanding.  Hyperplasia  under  pathological  cpndtions 
leads  to  the  origin  of  multiformity  of  calls  and  nuclei.  Th.o  different  typos 
vary  at  tho  samo  time  in  size.  Among  tho  small  llular  twos  the  stab-cells 
are  striking  vMch  are  characterize' l  by  their  long  outendod  nuclous  and  collu- 
lar  body,  '  Undby. pathological  condtions,  who  gial  cells  are  ablo  to 'form  fibrils 
and  according  td.  SPIEU-’.ETEH  all  type r.  rre  supposed  to  have  this  ability  to  a 
smaller'  or-  largd; degree .  •  Generally,  the  fibril  formation  occurs  when  tho 
disintegration' process  is  still  going  on,  or  had  been  already  finished. 

Under  the  new  fornationof  tho  supporting  tissue,  the  nervous  system  trios  to 
reestablish  tho  disturbed  tension  which  ro suits  from  the  destruction  of  the 
cells  and  nervoa. 

In  addition  to  those  typos  which  ;a.'  :>L,'  ' PI -LdbY !s-t  ot  d,,  distinguish 
ns  octodormol  .nrtWOgXla  cells,  there  are  also  -nival  cells  which,  in  addition 
to  that  they  dbkftot  show  ary  difference  morphologically  from  the  prc'ious 
ones,  may  also  have  the  stuoo  function.  Of  other  cells  which  occur  «-,s  phago¬ 
cytes  we  know,  suroly  that  they  have  mesodermal  origin  and  they  con  be  also 
morphologically  differentiated  from  the  .'.Hal  cells.  The  sa-callcd  mast  cells 
with  their  basdphll  granulation  and  the  adventitial  colls  changed  to  plasma 
colls  loavp  no  doubt  in  this  regard. 

From  tho  hero  briefly  described  opinions  concern?.-.."  the  vmo  and  func- 
tion  of  glial  calls,  the  opinion  of  G-'I/.TiO  is  basic.-'  lv  different.  In  a. 
much  more  recent  publication,  this  author  cantio.-.s  against  the  view  .;-u; '.ounced 
by  many  to  'arrange  the  different  cellular  tjape-r:  under  glial  tiara..,  such  typos 
which  do  not  belong  to  glii  in  the  pror-'r  sense.  Indeed, .different  cellular 
types  were  described  and,  in  addition  to  the  gli.nl  colie,  tho  a- -.called 
amoeboid  microcytes  (DEXLSR)  were  established,  nevertheless  many  people  do 
not  accept  any  essential  differentiation. 

GALLEi‘50  distinguished  the  glial  element  proper  in  two*  varieties:  -  one 
with  a  granular  nrotoplasma  and  pyknotic  nuclous,  and  another  v.ith  homogenous 
cellular  body  and  chromatinc-poor  nucleus  at  which  these  show  sometimes  such 
a  slight  affinity  that  they  appeal'  as  ghosts.  In  addition  to  those  ectodermal 
forms,  ho  sharply  distinguishes  the  cells  of  mesodermal  origin,  tho  so-callod 
f  licroglia  or  tho  colls  of  Ilortoga.  Tho so  arc  actually  macrophages  of  the 
nervous  system,  real  interstitital  cells  which  occur  independently  from  tho 
vascular  infiltration.  GALLEGO  considers  thorn  rolatcd  to  tho  colls  of  the 
rcticulo-endotholial  system,  and  therefore  they  should  ploy  a  great  role  in 
diseases.  In  this  groups  of  C9II8  provided  with  polymorph  chromatin-rich 
nuclei  he  distinguishes  throo  types*  star-shaped,  longitudinal,  so  called 
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stab-cells,  and  round  cells.  Among  these,  there  aro  scattered  also  very  small'  \ 

o.or..s  which  are  still  smaller  than  lymphocytes,  with  noint-shanod  oyknotie 
nuclei,  and  they  should  be  considered  as  the  juvenile'  forms  of* the* microglia. 

First  of  all,  the  round  type  which  has  no  steady  size,  is  the  phagocytic  form; 
lheir  pyknotic  and  also  rather  deformed  nucleus  is  situated  in  a  granular 
protoplasms.  They  can  exceed  in  size  the  glia  colls  orooer,  sometimes  even 
the  neural  colls.  The  announced  view  that  they  arc  changed  glial  forms,  is 
wrong  according  to  GALL EGO,  evon  already  on  the  ground  of  thoir  totally  different  ■ 
embryonal  origin. 

Where  narked  proliferation  of  snail  colls  is  found  in  the  CM.*?,  these 
should  be  microglia,  for  tho  neuroglia  undergoes  raoro  regressive  changes  in 
the  coro’ornl  diseases,  Tho  microglia  plays  an  important  rolo  in  tho  inflam¬ 
mations  of  tho  C!]3. 

It  was  not  tho  purpose  of  this  examination  make  a  decision  in  tho  scien¬ 
tific  viewpoints  under  discussion  concerning  the  problem  of  the  typo  of  the 
supporting  tissue.  Although  according  to  the  opinion  of  GALLA3G0  the  use  of 
tho  word  "glia"  does  not  seem  to  lie  justifiod  in  many  casos,  in  the  following 
investigation  of  tho  nervous  system  this  will  be  done  nevertheless.  The  main 
thing  is  that  we  give  an  account  of  tho  behavior  and  the  occurring  <'  • 'feren- 
tialions  of  the  small  typos  of  colls,  which  is  tho  most  important  goal  for 
the  practical  pathology,  where  there  is  any  doubt  about  the  existence  of  a 
pathological  change,  it  is  recommended  to  compare  the  histological  sections 
with  preparations  of  tho  normal  tissue. 

In  the  examined  earliest  initial  stage  of  tho  disease,  i.c.,  20  hours 
after  the  experimental  infection,  in  its  gross  structure  the  brain  apoears  to 
be  almost  normal.  Hyperemia  or  other  forms  of  circulatory  disturbances  could 
not  yet  be  found.  It  is  only  surprising  that  form,  and  number  of  glial  colls 
and  nuclei  in  the  different  areas  may  vary,  eve  r  in  a  single  section.  Kostly 
in  the  superior  parts  of  the  cortical  layer,  a.  slight  multiplication  can  be 
found  in  tho  number  of  these  cells.  Evon  in  the  sizo  and  aopearnnee  of  tho 
glial  nuclei,  varieties  occur.  In. addition  to  a  nr: dominant  number  of  round 
forms,  at' scattered  sites  we  also  find  stab  cells  and  polymorph  type s  which 
have  chromatin-rich  nuclei  and  a  more  or  less  vaculoized  protoplasma.  Among 
the  round-nuclear  glial  colls  wo  can  observe  two  types  which  differ  in  size 
and  in  the  chromophilla  of  tho  nuclei.  Tho  smaller  ones  arc  darker  stained 
than  the  larger  ones,  and  both  have  only  a.  small  edgo  of  orotoplasma.  Among 
the  round-nuclear  type 3,  several  show  already  regressive  symptoms,  manifested 
in  hyperchromatosis  of  the  nuclear  wall,  so  that  in  a  certain  optical  posiion 
such  nucloi  appear  almost  centrally  vacuolated.  Those  nuclear  changes  occur 
exclusively  in  tho  largo  round  forms.  Besides,  there  are  areas  where  tho 
behavior  of  the  glial  cells  does  r.ot  show  ary  alteration  from  tho  normal  pic¬ 
ture.  Where  progressive  activity  of  the  glial  cells  can  be  obsdrved,  it  can 
be  noticed  that  they  arrange  themselves  around  tho  nyramindal  colls.  These 
area always  uninjured,  well  stain able  round-nuclear  cells  with  small  granulated 
edge  of  protoplasma  which  as  satellites  fcesionge  a  large  number  of  neural 
cells  (nscudoncurononhisgy) .  One  or  .  ore  of  them  is  not  only  crossed  toward 
tho  upper  lovcl  of  the  ganglion  cells,  but  also  situated  in  their  cavities 
so  that  they  give  the  impression  that  they  have  already  oaten  themselves  into 
tho  cellular  body,  and  in  this  way  they  imitate  the  picture  of  neuronophagy. 

Wo  have  to  bo  only  very  cautious  with  the  finding  of  tho  latter;  for,  proli¬ 
feration  of  satellites  often  gives  the  impression  of  the  existence  of  a  Phago¬ 
cytic  process.  Furthermore,  catollitism  occurs  nor.. ally,  so  that  its  patho¬ 
logical  for:  can  be  found  only  by  comnrison  with  sections  derived  from  healthy 
animals;  when  wore over  the  affected  pyramidal  cells  show  degenerative  sysntons, 
for  neuronophagy  of  intact  neural  cells  is  impossible  to  imagine. 

In  tho  examined  histological  section  of  tho  brain  tho  presence  of  ncu- 
.  ronophagy  cannot  be  denied  in  some  .cases;  for,  in  the  differently  injured 
pyramidal  cells  satellites  have  already  eaten  their  way'  in,  and’  thus  they  can 
be  considered  as  macrophages.  A  peculiar  lysis  which  can  begin  unilaterally 
.and  in  which  a  part  of  the  pyramidal  cell  is  transformed  into  a  finely  granu¬ 
lar,  fibrous  or  vacuolated  mass,  and  appears  to  bo  apparently  nor.  al  for  the 


^tab-cells ,  and  round  cells.  Among  these,  there  arc  scattered  also  very  small’ 
j.or.'.s  which  are  still  smaller  than  lymphocytes,  with  point-shaood  oyknotic 
nuclei,  and  they  should  bo  considered  as  the  juvonile  forms  of  tho*  microglia. 

.  irst  of  all,  the  round  typo  which  has  no  steady  size,  is  the  phagocytic  form; 
iheir  pyknotic  and  also  rather  deformed  nucleus  is  situated  in  a  granular 
protoplasma.  They  can  exceed  in  size  the  glia  colls  orooer,  sometimes  even 
tho  neural  colls.  The  announced  view  that  they  arc  changed  glial  forms,  is 
wrong  according  to  GALLEGO,  even  already  on  the  ground  of  their  totally  different 
embryonal  origin. 

Where  narked  proliferation  of  snail  cells  is  found  in  the  CKS,  these 
should  be  microglia,  for  tho  neuroglia  undergoes  more  regressive  ohangos  in 
tho  coro’oral  diseases.  Tho  microglia  plays  an  important  rolo  in  tho  inflam¬ 
mations  of  the  C113. 

It  was  not  tho  purpose  of  this  examination  make  a  decision  in  tho  scien¬ 
tific  viewpoints  under  discussion  concerning  the  problem  of  the  typo  of  tho 
supporting  tissue.  Although  according  to  the  opinion  of  GALLiCO  the  use  of 
tho  woi’d  “glia"  does  not  scam  to  lie  justified  in  many  cases,  in  the  following 
investigation  of  the  nervous  system  this  will  be  dono  nevertheless.  Tho  main 
thing  is  that  we  give  an  account  of  tho  behavior  and  the  occurring  <  '  "f eren- 
tialions  of  the  small  typos  of  cells,  which  in  tho  most  important  goal  for 
the  practical  pathology,  where  there  is  any  doubt  about  the  existence  of  a 
pathological  change,  it  is  recommended  to  compare  the  histological  sections 
with  preparations  of  tho  normal  tissue. 

In  the  examined  earliest  initial  stage  of  tho  disease,  i.c.,  20  hours 
after  the  experimental  infection,  in  its  gross  structure  the  brain  appears  to 
he  almost  normal.  Hyperemia  or  other  forms  of  circulatory  disturbances  could 
not  yet  bo  found.  It  is  only  surprising  that  form  and  number  of  glial  colls 
and  nuclei  in  the  different  areas  may  vary,  eve a  in  a  single  section.  Mostly 
in  the  superior  parts  of  the  cortical  layer,  a  slight  multiplication  can  be 
found  in  the  number  of  those  cells.  Sven  in  the  sizo  and  appearance  of  tho 
glial  nuclei,  varieties  occur.  In. addition  to  a  or: dominant  number  of  round 
forms,  at  scattered  sites  we  also  find  stab  cells  and  polymorph  types  which 
have  chromatin-rich  nuclei  and  a  wore  or  less  vaculoized  nrotoolasna.  Among 
tho  round-nuclear  glial  colls  \:c  can  observe  two  types  which  differ  in  size 
and  in  the  chromophilia  of  tho  nuclei.  Tho  smaller  ones  are  darker  stainod 
tli an  tho  larger  onos,  and  both  have  only  a.  small  cdzo  of  nrotoplasma.  Among 
the  round-nuclear  typo3,  several  show  already  regressive  symptoms,  manifested 
in  hyporchromatosis  of  the  nuclear  wall,  so  that  in  a  certain  optical  posilon 
such  nucloi  appear  almost  centrally  vacuolated.  Those  nuclear  changes  occur 
exclusively  in  tho  largo  round  forms.  Besides,  there  are  areas  where  tho 
behavior  of  tho  glial  colls  docs  not  show  any  alteration  from  tho  normal  pic- 
turo.  Where  progressive  activity  of  the  glial  cello  can  be  observed,  it  can 
bo  noticed  that  they  arrange  themselves  around  tho  nyraminclal  colls.  The so 
ares always  uninjured,  well  stainablc  round-nuclear  cells  with  small  granulated 
edge  of  protoplasms  which  as  satellites  bceionge  a  large  number  of  neural 
cells  (pscudoncuronophpgy) .  One  or  r.orc  of  them  is  not  only  pressed  toward 
tho  upper  level  of  the  ganglion  cells,  but  also  situated  in  their  cavities 
so  that  they  give  the  impression  that  they  have  already  eaten  themselves  into 
the  cellular  body,  and  in  this  way  they  imitate  the  pictures  of  neuronophagy. 

YJo  have  to  bo  only  very  cautious  with  the  finding  of  tho  latter;  for,  proli¬ 
feration  of  satellites”  often  gives  the  impression  of  the  existence  of  a  phago¬ 
cytic  process.  Furthermore,  catcllitism  occurs  normally,  so  that  its  patho¬ 
logical  for:.;  can  be  found  only  by  comparison  with  sections  derived  from  healthy 
animals;  when  moreover  the  affected  pyramidal  cells  show  degenerative  symptoms, 
for  neuronophagy  of  intact  neural  cells  is  impossible  to  imagine. 

In  tho  examined  histological  section  of  tho  brain  the  presence  of  ncu- 
.  ronophagy  cannot  be  denied  in  some  cases;  for,  in  the  differently  injured 
pyramidal  cells  satellites  have  already  eaten  their  way’  in,  and’  thus  they  can 
be  considered  as  macrophages.  A  peculiar  lysis  which  can  begin  unilaterally 
and  in  which  a  part  of  the  pyramidal  cell  is  transformed  into  a  finely  granu¬ 
lar,  fibrous  or  vacuolated  mass,  and  appears  to  bo  apparently  normal  for  the 
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other  nart,  is  alternating  with  a  total  dissolution  of  the  v,roToolnr,-'.o.  which 
is  characterised  by  decreasin';  stainability  of  nucleus  and  cellular  body, 
to^al  loss  of  cellular  oiffert  rtir.ti.on  md  fine  vacuolated  mars,  aria  a  one  as 
to  bo  apparently  normal  for  tho  other  onrt,  is  alternating  with  a  total  dis¬ 
solution  of  tho  nrotoplasna  which  is  characterized  by  decreasing  stcinabilit,f 
of  nucleus  and  cellular  body,  total  loos  of  cellular  differentiation  and  fine 
vacuolization. 


At  a  stap,e  older  by  8  liouro,  i.o.,  ?G  hours  after  the  infection,  and 
incroasin  g  capillar/  hyperemia  of  tho  win  rater  can  bo  observed,  and  tho 
ly.vphatic  caoillaries  arc  somewhat  dJJ.rvtC'i.  Around  the  superficial  capill ai-ios, 
a  slight  concentration  of  lymphocyte- occurs  which  decreases  toward  the  deener 
cortical  levers  so  that  hero  only  isolated  lymphocytes  complicate  the  overall 
cellular  picturo.  Such  a  lymphocytic  emigration  occurs  only  in  a  few  prepara¬ 
tions,  and  it  ic  not  typical  for  the  tissue  reaction  v:hic  otherwise  is  just 
characterized  by  the  complete  absence  of  any  lymphocytic  and  leukocytic 
infiltration. . 


Regionally,  the  progressive  reaction  of  glial  cells ‘is  mostly  directly 
under  tho  pia  mater.  It  is  predominately  composed  of  round-nuclear  colls 
which  proliferate  among  which  those  with  the  slightly  stained  largo  nuclei 
predominate  in  the  superficial  lave re. 


Tho  pyramidal  cells  show  increasin''  disintegration  which  con  vary  locally 
as  to  its  intensity.  Many  of  them,  r-.ro  destroyed  under  lysis  and  vacuolization, 
and  neuronophagy  is  undoubtedly  present  at  scat: >* red  sites.  The  cell  nuclei 
frequently  undergo  swelling,  in  which  ducrcesiny  ehromonhilia  is  associated 
with  sharp  differentiation  of  tho  often  dofor.iod,  oosinoohil  nucleoli. 

That  many  ganglion  colls  arc  alrca.'.y  doslrocu  at  tho  initial  stage  cf 
the  disease  can  ho  observed  in  Am. .on's  horn.  Vacuolization  and  lysis  have 
reduced  tho  number  of  intact  colls  in  tide  ''art . 


In  tho  septicemic  stage ,  l:J:  hours  ;\fb.r  the  infection,  an  increase  in 
hynoremia  cannot  be  found  so  much  as  rather  a  dilation  of  the  lymphatic 
pathways,  mostly  in  tho  whlto  cubstmee.  i.othir.?;  car*  b.-.  observed  of  a  small- 
cellular  infiltration. 

Tho  ground  tissue  in  the  coriiw-1  1 is  fj.no  spongioso,  which  shows 
tissue  liquefaction  according  to  dribLir  di'....  In  this  acute  state  of  spongios- 
ity,  tho  tissue  areas  do  not  pra’ticinat :  all  :,o  the  same  degree,  and  tho 
Glial  cells  bohavo  here  oasslboly.  Their  iau'.*  did  not  increase  in  a  con- 
vine  inG  mannor,  novortholoss  there  is  growlor  variety  in  the  cell  types,  which 
is  partly  due  to  regressive  change.  Anon;;  the  round-nuclear  glial  cells, 
situatod  at  scattered  sites  in  tho  tissue,  chief].;/  those  with  the  larger  lightly 
nuclear  wall  and  central  dissolution  of  thu  chroma  tines,  liaryorrhsr.is,  and  the 
arising  of  nuclear  ghosts,  how,  this  latter  for.;  is  already  visible  under 
normal  conditions  as  a  result  of  a  slight  chrowophiiia  of  rone  glial  nuclei. 

As  a  pathological  symptom  it  can  he  only  noticed  if  the  other  regressive  symptom: 
occur  which  have  been  hero  described. 

It  is  remarkable  that  \ihcro  catollitism  occurs,  predominantly  the  round- 
nuclear,  intact,  well- stained  cell  typos  enter  into  action.  Their  protoplasma, 
can  vary  in  volume,  and  it  is  finely  granulated  or  almost  homogenous.  The 
satellites  are  divided  by  size  and  staining  affinity  of  the  nuclei  again  in  two 
types  which  during  the  entire  developmental  process  of  tho  disease  remain  as 
ouch  in  tho  CHS..  Scattered  in  tho  tissue,  there  are  also  glial  forms,  with 
bizarr  nuclear  shapes  such  as  lobulated,  stab-formed,  star-formed,  and  point¬ 
shaped.  According  to  GALLDCO,  tho  latter  extremely-  small  typo,  which  are 
even  smaller  than  the  lymphocytes,  aro  supposed  to  be  considered  as  the  juve¬ 
nile  stages  of  glial  colls  and  their  presence  can  well  bo  explained  in  proli¬ 
feration. 
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iij  an  increasing  destruction  of  the  pyramidal  cells,  their  number  is 
diminished.  The  already  described  forr:s  of  degeneration,  lysis,  vacuoliza¬ 
tion,  loss  of  cellular  differentiation,  lcaryolysis,  are  present  .at  an 
increased  degree  in  this  stage.  The  nuclei  can  either  shrunk  and  become 
hooked  nyknotic  forms,  or  they  can  undergo  .-welling  in  which  the  markedly  stained 
nucleoli  sharply  contrast  Tilth  tho  reduced  chroxoohilia  of  the  nuclei.  The 
majority  of  the  pyramidal  colls  is  anparontly  still  intact  although  an  in¬ 
creasing  nur.bor  of  satellites  still  indicates  a  reactive  action.  In  tho  white  ' 
substance,  there  is  a  noticed  slight  proliferation  of  round  nuclear  glial 
colls  in  which  as  likewise  described  in  the  corto;:  for  the  satellites,  two 
tyoos  can  bo  distinguised. 

In  a  study  5'S  hours  after  the  infection,  together  with  an  increasing 
moisture  content  in  the  tissue,  we  see  that  the  progressive  glial  reaction 
is  reduced,  and  the  regressive  reaction  takes  tho  upper  hand.  The  status 
single  sus  is  more  marked.  Glial  proliferation  is  absent,  and  it  is  surprising 
o.iat  the  round-nuclear  satellites  arc  always  perfectly  and  well  stained,  while 
those  sane  forms,  loose  from  any  cellular  connection  in  tho  tissue,  occurring, 
at  scattered  sites,  are  showing  rhc:d.r.  and  lysis  of  the  nuclei  and  hyperchro- 
matosis  of  tho  nucloar  wall.  The  sumptoms  of  destruction  have  regionally 
somewhat  increased  in  tho  pyramidal  cells.  The  white  substance  is  ed  atous 
and  It  is  also  remarkable  that  a  hydrous  of  tho  vascular,  walls  is  manifested, 
and  some times  strongly  dilated  lymphatic  spaces  originated  oround  those  which 
are  not  tho  result  of  a  tissuo  shrinkage.  In  the  edema  of  the  white  substance, 
the  glial  cells  are  rograssively  changed  and  the  overwhelmingly  round-nuclear 
cells  are  regrossivoly  changed  and  to  a  large  part  the  overwhelmingly  round-  . 

nuclear  colls  have  swollen,  vacuolated  or  pyknotic  nuclei. 

If  wo  follow  the  pathological  process  in  tho  brain  in  cases  which  stretch 
out  for  days  (7-12),  than  a  somewhat  increasing  capillary  hyperemia,  but  first 
of  all  edema  of  tho  tissue  can  bo  found.  The  lymohatic  capillaries  can  become 
sometimes  enormously  djJLatod.  This  chango  in  the  circulation  of  the  cerebrum 
indicates  that  the  acute  congestion  has  changed  into  a  more  chronic  for:;  of 
circulatory  disturbance,  in  which  small-collular  infiltration  never  occurs.' 

"ostly  the  greater  vascular  plexus  of  tho  lateral  ventricles  and  the  pia  mater 
show  edematous  swelling. 

The  status  spongiosus  of  the  cortex  is  very  marked,  and  also  the  dilation 
of  the:- perivascular  lymphatic  spaces  is  striking.  Regionally,  where  the  stasis 
phenomena  are  less  intensive,  a  slight  multiplication  of  fliai  cells  can  be 
3cen,  but  the  degenerative  symptoms  on  those  have  increased.  Neuronophagy 
occurs  scattered,  and  tho  hero  occurring  satellites  arc  always  tho  round-nuclear 
typo  which  are  completely  intact  and  well  stained,  somewhat  well  contrasted  • 
with  the  symptoms  of  glial  destruction  in  tho  ground  tissue.'  In  tho  white  sub¬ 
stance,  also  the  round-nuclear  cells  domoinato  which  are  here  undergoing  a  more 
marked  proliferation  than  in  the  cortical  layer.  Tho  glial  disintegration  is 
much  less  in  tho  white  substance  than  at  the  center  of  the  ganglion  cells. 

As  the  course  of  disease  assumes  a  more  chronic  character,  the  number  of 
intactly  staying  ganglion  colls  in  the  cortex  and  Ammon's  horn  appears  to  be 
larger.  Indeed  we  observe  all  kinds  of  cellurlr.r  picture?  which  inGicato  regress¬ 
ion,  such  as  loss  of  cellular  designs,  liquefaction,  karyolyois,  as  well  as  tho 
neural  cells  may  transform  into  undifferntiated  hyaline  forms,  in  which  all  or 
no  nuclei  are  found,  yet  numbdorically  the  degeneration  pictures  are  reduced  in  chron 
ic  cases.  According  to  tho  chronicity  of  the  process,  the  neuronophagy  isnlso 
reduced,  and  there  are  smaller  groups  of  satellites  which  bescige  the  ganglion 
cells.  It  sooms  as  if, with  the  reduction  of  the  active  hyperemia  and  tho  pro¬ 
gressive  hydrops , their  phagocytic  ability  or  irritability  would  also  become 
weaker,  at  least  in  view  of  the.  certainly  degenerated  ganglion  colls  which  are 
left  in  peace  by  the  maorophages. 


r.v'e  ?o 


‘r-r-iA,!  ^M,,f4?tl0n  Vac  £’v,ccc“rCuliv'  °3f then  a  Slight  serious  infil- 
i  ration  of  the  ti.st.uo,  or  scattered  dilation  of  the  lyrorhr.stic  caoillerie? 
enn  oc  too  sign  of  a  still  not  fully  re  covered  circulatory  dir.turi-.onee.  The 
Clial  clients  arc  brought  bade  to  their  normal  proportions,  but  the  round 
nuclear  forms  dominate  to  the  last.  The  regressive  symptoms  at  at  all  ee.llc 
slowly  disappear,  nevertheless,  six  weeks  after  the  infection,  the  tissue 
1  e  xoneration  is  till  not  complete,  the  pyramidal  colls  still  reveal  unmis¬ 
takable  lesions,  and  the  significance  of  neuronophagy  in  the  rest  of  eases  of 
satellitisin  also  shows  a  lor.-lastiny  after-reaction  of  the  ganglion  cells. 
Indeed,  their  stainability  has  increased,  and  the  protoplasma  and  cellular 
differentiations  appear  sharper.  The  passage  of  the  disease  seems  certain 
with  the  better  condition  of  the  neural  cells,  the  returning  function  of  the 
glial  elements  and  the  recovery  of  the  circulation  of  blood  and  lymph. 

osasnaLLiw. 


In  the  further  description  of  the  microscopic  pathological  picture  of 
the  CHS  in  rabbits  the  same  sequence  was  taken  in  the  stages  if  disease  whhat 
was  followed  for  the  cerebrum  as  the  line  of  investigation. 


It  in  remarkable  that  oven  the  cerebellum  can  show  definite  lesions 
already  before  tho  occurrence  of  a  septicemia,  which  must  be  thus  tho  sequoia 
of  a  toxic  effect  at  a  distance,  starting  from' the  sito  of  infection.  As  the 
first  symptom,  a  slight  hyperemia  appears  in  the  pia  mater.  Indication  of  a 
slight  serious  infiltration  starts  in  the  white  substance,  and  2d  hours  after 
the  infection  it  can  bo  found.  A  slight  lymphocytic  infiltration  vjhich  was 
scon  only  in  two  experimental  aoinals,  and  in  all  other  cases,  it  was  absent, 
lots  U3  assumo  that  hero  wo  had  to  do  with  accidental  forms. 

Tho  glial  cells  have  undergone  rone  live  multiplication  which  cannot  be 
found  in  all  cases  with  the  same  groat  certainty.  Compared  with  normal 
tissue  sections, /a  variation  cones  up  in  tV.c  typo  of  flial  nucloi,  similar 
to  the  one  described  in  the  brain.  ..mere  proliferation  occurs,  in  tho  glial 
tissue  all  types  aro  represented.  In  tho  stratum  gcngliowum  often  stabforned, 
starformed  and  round  types  arc  found.  From  ..his  vono,  ccliurler  infiltrations 
arc  formed  in  tho  molecular  layer.  ...•.grenr.ivo  nuclear  symptoms  such  as  rhoxis, 
pyknosis  shrinkage  in  all  kinds  of  ui.--.rr  for:,;.,  occur  everywhere.  Different 
colls  of  Purlcinjo  are  situated  if  burrivu  unr!«  r  the  glial  cello.  In  the  • 
molecular  layer,  small  groups  with  round  nuclei  occur  at  scattered  sites  which 
probably  clean  up  the  noural  fibrils.  Hornby,  tho  oonion  of  3Pi£Lr5Y&Il  is 
also  corroborated  that  this  can  already  ha.npon  early.  All  sorts  of  glial  forms 
complicate  tho  ccllu.or  oicturc  in  the  molecular  layer.  The  protoplasm  is 
mostly  finely  granulate  or  vacnolix&d.  liypar.rophic  types  v;ith  large  cellular 
bodies  provided  with  dondrits,  and  round-oval  nuclei  and  in  between  large  mon¬ 
strous  forms,  in  addition  to  round  and  biaarr  nuclear  types,  make  a  great  variety 
of  glial  types  in  the  gray  substanco.  Proliferation  of  glia  is  the  most  expressed 
in  tho  stratum  gangliosum. .  Different  capillar  loops  give  chance  to  see  tho 
exuberant  growth  of  endothelial  cell?,  which  perivascularly  swarm  out  as  loose.  • 
colls,  separating  themselves  from  their  basic  connection  bclovj,  having  oval 
nuclei  and  spongious  protoplasms.  In  the  white  substance  the  glial  reaction 
is  much  less,  and  the  rour.d-r.uclear  types  of  cell  predominate,  although  stab- 
cells  also  occur  sparsely.  Among  the  former  types  of  cells,  one  can  again  dis¬ 
tinguish  the  sane  two  types  according  to  size  ona  chronoo'nilia  of  tho  nuclei 
as  it  was  mentioned  for  the  cerebral  cortex.  In  addition  to  the  proliferation, 
one  can  also  observe  regressive  glial  reactions  appearing  in  the  form  of  shrink¬ 
age,  lysis  and  vaculoiization  of  the  nuclei.  The  large  Purkinje  cells  give 
interesting  objects  for  the  study  of  neural  cellular  degeneration.  One  of  the 
first  symptoms  is  tho  loss  of  cellular  differentiation.  Then,  a  fine  vacuo¬ 
lization  develops  in  tho  protoplasm a,  at  which, .in  accordance  with  the  nega¬ 
tive  results  of  the  Sudan  staining,"  no  fatty  degeneration  is  found.  Tigrolysic, 
Icaryolysis,  and  even  dissolution  of  the  entire  cell  alternate  with  tho  pictures 
of  cellular  necrosis.  The  nuclei  are  reduced  somewhat  in  stainability;  the 
..:embrane  can  disappear  without  any  trace;  the  chromatin  is  free  in  the  cell  as 
a  small  heap  of  fine  substance.  Whether  the  eccentric  position  of  the  nuclei 
■  ■  ;  -i:!V :•*  :  •'  •• 
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which  is  found  hero  in  many  cases  could  bo  considered  a  pathological  symptom 
still  remains  a  question.  The  Purkinje  ganglion  colls  arc  not  all  in  the 
the  very  same  stage  of  destruction.  In  addition  to  such  cells  which  have 
alreaciy  reached  an  advanced  stage  of  disintegration  there  are  also  visible 
some  which  are  completely  normal.  Hero  and  there,  the  row  of  neural  cells 
is  interrupted  by  gaps.  These  can  be  places  where  earlier  cells  wore  situated 
which  have  now.  disappeared  due  to  degeneration,  but  the  gaps  can  also  occur 
normally  and  they  are  by  no  means  an  indication  of  cell  disintegration. 

Similarly,  sometimes  at  these  places  in  the  molecular  layer  we  3oe  that  the 
dendrits  of  the  Purkinje  cells  survive  still  for  a  long  time,  and  only  an 
amorphous  residue  of  the  cell  can  be  found.  In  such  a  case,  vo  can  speak  of 
a  hiatus  (gap).  There  are  now  such'  gaps  which  can  already  develop  after  30 
hours,  whilo  the  rests  of  the  Purkinje  cells  amidst  macrophages  are  indication 
of  a  rapio  destruction  which  takes  several  of  the  neural  cells  in  tho  row  as 
victims.  Pseudoneuronophagy  is  already  present  at  this  initial  stage  of  the 
(Jlscaso,  yet  at  different  places  there  is  also  a  great  probability  of  neurono¬ 
phagy.  Tho  glial  cells  here  lack  any  indication  of  fibril  formation.  In  the 
layer  of  granular  colls  no  lesion  can  be  found,  and  tho  cosine  bodies  seem 
to  be  also  completely  intact. 

In  the  septicemic  stage,  the  microscopic  lesions  become  more  di  '  -net. 

Tho  hypermia  is  more  marked,  and  mostly  in  the  white  substance  scattered  strongly 
dilated  lymphatic  capillaries  arc  filled  with  a  homogenous  acellular  fluid.  In 
the  molecular  layer,  a  status  spongiosus  develops  in  many  cases.  Proliferating 
vascular  endothelial  cells,  which  swarm  out  porivascularly  as  isolated  cells,  can 
be  found  also  at  first,  but  later,  then  tho  necrotic  process  becomes  more 
intensivo,  this  symptom  will  be  absent. 

In  the  stratum  gingliosan,  the  glial  cells  arc  somewhat  increased  in  num¬ 
ber  regionally,  and  tho  round-nuclear  types  predominate,  which  wo  also  encounter 
mostly  in  the  white  substance.  It  is  remarkable  that  tho  hypcrchrcmatosis  of 
the  nuclear  membrane  —  which  is  .especially  found  in  anthrax  — ,  and  nuclear 
swelling  in  tho  glial  colls  occur  almost  exclusively  in  the  stratum  gangliosum 
in  the  cerebellum,  and  this  symptom  decreases  toward  the  molecular  and  granular 
layers.  As  a  sign  of  regression,  tho  herewith  corresponding  reduction  of  glial 
proliferation  is  comnrehor.siblc.  The  hiatuses  in  tho  row  of  neural  cells 
become  larger,  and  cellular  residues  and  ghosts  ore  situated  in  the  spaces  afc 
ovidonco  of  an  intensive  destruction.  This  goes  on  with  loss  of  tho  normal 
protoplasm  diffentiation,  with  tigrolyris,  unilateral  or  total  liquofaction. 

In  many  cases  this  starts  on  tho  baso  of  tho  ncuritc.  The  protoplasma  bocon.es 
less  stainable  and  its  characteristic  structure  is  dissolved  into  a  fino  or 
crude  fibrillary  mass  where  tho  ccllulsr  picture  is  reduced  by  vacuolization 
and  shrinkage  to  an  almost  unrecognizable  residue  or  ghost.  The  nuclei  can 
show  the  already  previously  described  changes,  and  a  siries  of  shrinkage,  loss 
of  membrane,  lysis  breaks  up  the  normal  cytologic al  image.  Already  before  it 
has  gone  so  far,  theso  cells  are  bosieged  by  satellites  which  in  the  beginning 
are  distinguished  by  polymorph,  well  stainable  nuclei.  Neuronophagy  definitely 
occurs,  which  does  not  oxcludo  that  tho  Purkinje  cell  can  also  bo  destroyed 
without  being  phagocytized.  Lymphocytes  and  leukocytes  are  completely  absent. 

In  the  layer  of  the  granualr  cells,  tho  small  eo sine  bodies  also  show  lesions 
with  fibrillary  disintegration  and  vacuolization,  which  indicates  that  even 
this  zone  does  not  excape  the  harmful  action  of  the  pathological  agent. 

Here  we  havo  still  to  point  out  the  typical  reaction  of  the  Purkinje  cells. 
Already  at  the  initial  stage,  most  distinctly  however  still  on  the  second  day 
after  the  infection,  several  Purkinje  cells  become  rounded  off,  when  it  comes 
to  a  separation  between  the  cell  body  proper  and  the  dendriti  Here,  the  glial 
cells  play  an  important  role,  for  not  only  is  a  fine  fibrillary  substance 
formed  between  the  cell  body  and  the  dendrit,  at  which  tho  latter  is  separated 
off,  but  we  also  see  distinctly  a  few  glial  colls  lying  upon  the  place  of  separa¬ 
tion.  The  mostly  intact  neural  nucleus  with  a  residue  of  protoplasma  is  rouneded 
off  to  a  completely  globularly  shaped  body  directly  surrounded  by  a  fine 
fibrillary  substance  in  which  a  circular  arrangement  can  be  noticed  so  that  the 
cell  is  surrounded  by  a  sort  of  fine  capsule  which  at  the  same  tine  separates 
it  f:  the  dendrit.  Several  glial  cells  are* constantly  found  in  the  direct 
neighborhood  of  these  reaction  products.  Here,  the  impression  is  not  confirmed 
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SahptS®t?^eS51"?,'l?S  "Crth.°f  th3  Cl'11'  for  nuclcus  and  Protoplasma  seem 
to  bo  mostly  completely  Intact.  Sometimes  however,  the  dendrites  appear  to 

externally  surviyo,  and  they  con  separate  from  the  degenerated  cell,  whilo 
tncy  vail  still  keep  their  normal  character  for  a  while.  Small  series  of 
glial  cells  with  round  nuclei  are  situated  along  the  dendrits,  and  reveal 
tneir  phagocytic  activity  in  their  cleaning  up.  It  seems  that  .denclrits  can 
become  atrophic  in  such  a  manner  that  the  spaces  in  the  molecular)  layer, 
which  they  hnve  occupied  before,  will  remain  as  channels,  withdut  being 
filled  up  directly  by  the  surrounding  tissue.  Generally,  it  can  he  said  that 
the  longer  tha  animal  is  surviving  the  infection,  or  the  longer  it  tolerates 
the  infection,  tha  smaller  is  the  cellular  destruction,  the  smaller  arc  the 
hiatuses  in  tho  row  of  Purkinje  colls,  nevertheless,  sometimes  it  can  be 
concluded  from  the  microscopic  picture  that  a  vehement  cellular  destruction 
first  cloanod  off  a  large  portion  of  tho  tissue,  after  which  an  improvement 
foil wed,  which  terminated  the  process  of  destruction.  But  then  almost  all 
Purkin je  cello  can  undergo  more  or  less  marked  lesions.  Pot  only  atrophy  of 
the  cells,  but  also  of  tho  rie.narits  and  even  of  tho  entire  molecular  layer 
oocurs  as  the  result  of  this.  In  such  older  cases,  another  function  of  tho 
glial  cells  becomoS  apparent,  i.e.,  tho  formation  of  fibrils  which  not  only 
surround  the  neural  oalls  as  capsules,  but  they  also  occupy  the  place  of  the 
destroyed  cells,  Therefore,  at  the  end  of  the  destructive  process  we  notice 
tho  reappearance  of  bir.arr,  stab-formed.  ?nd  star-shaped  glial  colls  which, 
through  the  formation  of  fibrillar/  substance,  render  their  most  important- 
collaboration  to  the  regenerative  process. 


In  tho  stage  of  disintegration,  th'-  glial  colls,  parallel  with  tho 
advancing  infection,  show  regressive  cy.  .atoms  such  as  swelling  and  hyperchro- 
matosis  of  the  nuclccr  walls.  According  to  the  active  hyperemia  which  passes 
into  stasis,  all  progressive  symptoms  decrease,  and  with  the  restitution  of 
the  blood  circulation  af  ter  the  passe  ;c  of  the  infection,  the  signs  of  glial 
disintegration  disappear.  In  the  white  substance,  all  sorts  of  glial  colls 
are  indeed  represented,  but  the  round-nuclear  variety  predominates  and  the 
variation  in  thhlr-  number  i3  surely  connected  with  the  neural  destruction. 
This  tells  of  dilatation  of  the  neural  sheaths  which  can  ho  already  found  at 
tho  ncuto  stage,  swelling,  or  marked  tortuous  course  of  the  axis  cylinder. 


After  tho  passage  through  tho  di;v-:.se,  the  tissue  recovers  its  normal 
fitainability.  Tho  tigroid  bodies  and  nuclear  structures  again  are  seen, 
whereby  the  dull  and  avon  staining  in  the  period  of  disintegration  makes 
placo  for  a  sharp  dotailod  design.  This  sequence  of  destruction  and  regenera¬ 
tion  ia  also  recognizable  in  tho  granular  layer.  The  first  is  characterized 
by  vacuolization  and  lysis  of  the  nuclei,  and  degeneration  of  tho  eooin  bodies 
which  is  expressed  in  reduction  of  chromophilia  and  of  sharpness  of  contours, 
togethor  with  a  fibrous  viscoo  structural  change.  Very  gradually  this  zone 
will  bo  roconstoca^pted,  but  six  weeks  after  tho  infection,  all  symptoms  have 
not  yet  been  fully  overcome . 

I-lbOULLA  O'JLOk’GATA. 

4 

Following  tho  same  line  of  research  ns  described  above,  this 'section  of 
the  dilfi  makes  a  very  interesting  object  of  study.  As  the  first  symptom  in 
the  initial  stride,  a.  slight  hyperemia  can  be  observed.  Following  this,  the 
symptoms  of  increased  lymph  secretion  will  soon  occur.  Regionally,  the  tissue 
can  be  somewhat^ ’edematous ,  and  dilated  lymphatic ' capillaries  can  be  found 
scattered.  The',  primarily  occurring  active  hyoeromia  soon  changes  into  a  cir¬ 
culator;/  disorder  which,,  in  addition  to  the  edema  of  the  neural  tissue,  finds 
its  eenression  also  in  the  Hydrops  of  tho  perivascular  lymphatic  space.  With 
tho  progress  of  ..the  infection,  tho  fluid  infiltration  (imbibition)  becomes 
more  intonsivdy  and- tho  lymphatic  capillaries  can  be  found  enormously  filled 
with  a  homogepoui  aoellular  fluid.  Especially  directly  around  tho  ventricle, 
the  edema  is  spread  tho  most.  Apparently  simultaneously  with  the  occurring 
active  hyporemii,  proliferation  of  the  glial  cells  begins  which  varies  regionally 
in  intensity.  In  tho  stage  of  glial. proliferation  all  types  of  cells  occur, 
although  the  two  already  provipusly  distinguished  round-nuclcar  coll  types 
predominate.  These  two  forms  occur'  alsnot  exclusively  as  satellites,  and  they 
are  characterized  always  by  their  intact  nuclei,  and  slightly  vacuolizod  pro- 
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toplacpia  Tvhioh  is  of  different  width.  As  the  infection  proceeds,  tho  regres- 
civo  symptoms  increase  siroult anxiously  with  a  numerical  regression,  but  the 
number  (of  cells)  otill  remains  above  tho  normal.  Kuclear  wall  hyporohroma- 
toais  again  becomes  moro  evident,  in  addition  to  rhexis,  pyknosis , .  and  lysis 
Ox  tho  nuclei.  These  are  chiefly  the  round-nuclear  two  of  cells  which  occur 
sparsely  and  do  not  function  as  satellites;  the;''  can  be  coon  with'  central 
nuclear  vacuolization.  But  in  addition,  it  r.ust  be  mentioned  that  they  aro 
again  the  round-nuclear  colls  which  remain  the  longest  availablo  chiefly  as 
group  of  satollitos.  Tho  moro  bizarr  glial  types  come  and  go  more  rapidly. 
Probably  by  their  task  as  macrophages,  the  presence  of  tho  round-nuclear  cells 
is  longer  requirod.  An  activity  toward  fibril  formation,  to  fill  gaps  result-  j 
ing  from  the  destruction  of  ganglion  colls,  comes  loss  distinctly  to' expression 
in  the  moduli?.  oblongata  than  in  the  corcbollum.  This  is  supposed  to  be  caused 
by  the  fact  that  in  tho  medulla  oblongata  tho  small  neural  ceils  are  exclusively 
cleaned  up  by  tho  macrophages,  and  thus  the  hiatuses  arc  noticeably .smaller 
as  noil  as  the  restitution  of  tho  brokon  tissue  tension  is  less  necessary. 

As  satellites,  tho  round-nuclcar  types  occur  already  20  hours  after  the 
infection,  and,  scattered  all  over  in  the  tissue,  wo  find  email  groups  of 
glial  celis  with  the  remarkable  feature  that  they  bo siege  exclusively  the 
small  ganglion  colls.  The  large  neural  cells  never  show  pceudoneuronoj.nagy. 

With  ail  reservation  which  wo  have  in  the  determination  of  nouronophngy,  in 
many  cases  wo  must  take  notice  of  its  existence,  for  evon  in  the  initial  stage 
it  is  not  an  exception  that  wo  find  mnerophaaos  which  have  oaten  themsolves 
into  tho  degonerated  body  of  ganglion  colls.  Regal'd  loss  hoi:  much  the  largor 
ganglion  ceils  could  be  destroyed,  they  will  never  bo  phagocytised  in  this 
mannor.  To  which  neural  nuclei  (motor  vsgo-glosconharyngou.*?;-  large-cell  ter¬ 
minal  nucleus  of  the  l!o.  8  vestibular  root?)  the  large  ganglion  colls  belong, 
cannot  be  here  recognized,  yet  the  reaction  of  tho  ganglion  cells  is  typical 
against  tho  different  noural  elements.  Leukocytes  play  nowhere  a  role  in  the 
phagocytosis  of  the  ganglion  colls. 

Tigrolysio,  karyolysis,  eccentric  nuclei,  swelling  of  nucleus  and  nuccloo- 
lus,  disappearance  of  nuclear  membrane  and  the  disintegration  of  the  chromatino 
into  a  heap  of  fine  substance ,  also  circular  arrangement  of  the  tigroid 
bodies  at  tho  periphery  of  tho  coll  —  those  are  tho  well-known  first  appear-  ■ 
ing  symptoms  of  a  dogonoration  of  the  ganglion  colls.  As  to  their  significanc 
in  thio  connection,  wo  aro  still  not  in  agreement  in  rogard  to'  all  tho  facts. 
They  can  bo  well  considered  as  reaction  symptoms,  although  not  every  reaction 
must  load  to  cellular  death,  iluclcar  shrinkage,  or  also  diffusion  of  the 
chromaffino  nuclear  substance  into  tho  protoplasms,  where  tho  latter  acquires 
basophilia  and  the  nucleus  appeal’s  as  a  big  vacuole,  are  also  reaction  pic¬ 
tures  which  occur.  From  the  nucleus,  the  nucleolus  remains  tho  longest,  and 
somotimos  it  can  bo  sorcowhat  swollen,  while  the  rest  of  the  nucleus  is  on  tho 
way  of  lysis. 

But  still  in  tho  initial  stage  of  tho  disease,  before  bacterienla  develops, 
tho  ganglia  can  already  show  signs  of  a  fatal  effect  ol‘  the  agent.  Chiefly  on 
the  larger  cells  can  this  bo  well  studied.  Lahy  lose  all  cellular  differen¬ 
tiation,  and,  under  tho  intensive  swelling,  the  wrotoplasma  often  becomes  an 
amorphous  maos  with  reduced  stainability.  In  itself,  the  latter  symptom  still 
does  not  indicate  a  cell  destruction,  for  the  Risel  bodies  arc  considered  by 
many  as  reserve  material  which  arc  used  up  in  trophic  disorders  and  can  be 
later  again  rcplonishod.  In  several  cases,  a  definite  nuclear  disintegration 
con  be  observed.-  and  moreover  cell  proccssos  (dendrite)  can  be  here  severed  off 
with  collaboration  of  tho  glia  calls,  as  it  was  described  in  the  Purkinje  cells. 
Then,  tho  loss  of  cellular  differentiation  is  indeed  to  be  considered  as  a 
symptom  of  degeneration. 

A  cellular  picture  very- frequently  found  in  anthrax  is  following:  -  The 
cell  body  can  be  swollen;  the  surface  is  wrinkled,  and  it  goes  over  into  a 
vacuolized  or  fibrillary  zone  which  at  the  fixation  sometimes  will  leave  open 
a  pericellular  spaco  due  to  shrinkage,  as  it  is  also  found  in  normal  cells. 
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Originally  it  was  thought  that  hei'o  ’..'o  have  to  do  vdth  edematous  colls  which 
at  fixation  locq  their  fluid,  that  then  the  shrinkage  hole  is  fillod  up  and 
it  coagulates  into  a  fibrous  or  viscose  substance.  Against  this  opinion  it 
is  true  that  the  cell  surfaco  is  certainly  eroded;  that  tho  fibrils  continue 
into  the  protoplasma  from  the  nericcllulor  cone,  and  that  finally  transitions 
can  be  found  from  cells  vri-th  such  a  space  around  thorn  to  such  where  the  whole 
coll  is  chapped  into  tho  :  bstancc.  It  seems. from  thin  that  we  have  to  do 
with  forms  which  have  cono  1  co  a  condition  of  liquefaction  which,  beginning 
at  thoir  periphery,  attacks  them  always  further  until  the  whole  coll  is  trans¬ 
formed  into  a"  viscoso  fluid.  At  tho  fixation  a  pcrieallular  coat  arises  with 
a  gradual  transition  to  the  central  protoolasma  residue  which  spreads  always 
further  at  tho  expense  of  tho  latter.  Even  tho  nucleus  is  involved  in  this 
process. 

.  Tho  liquefaction  of  tho  ganglion  colls  in  acute  swelling  likes  to  begin 
somo times  at  the  periphery  of  tho  coll.  This  is  well-known  to  several  authors, 
and  thoy  contrast  this  form  of  destruction  vrith  tho  perinuclear  lesions.  That 
thoro  is  no  basic  difference,  appears  from  tho  findings  in  anthrax,  whore  both 
forms  occur  closo  to  oach  other  as  result  of  tho  effect  of  the  -vory  samo  agent. 
In  another  way  wo  can  also  study  the  peculiar  marginal  liquefaction,  i.c,  on 
smears.  We  press  a  cloan  cover  glass  upon  the  cross  section  of  a  freshly 
romovod  piece  of  medulla  oblongata,  or  rub  the  latter  carefully  on  the  glass, 
fix  it  by  the  flame,  and  in  methl  alcohol,  and  then  stain  it  with  Giomsa. 

Thu3  wo  got  convincing  pictures  of  an  intensive  cellular  devastation  vrith  the 
formation  of  liquefaction  vacuoles  (Fig.  1).  Those  are  places  where  the  pro¬ 
toplasma  has  changed  into  a  homogenous,  light-blue  stained  substance  which, 
when  vc  fix  the  preparation  vdth  chromiu.-n-os-.iium  acid  instead  of  with  methyl 
alcohol,  does  not  stain  black,  and  thus  cannot  be  of  a  lipoid  nature.  This 
is  fully  confirmed  by  tho  negative  result  of  due'. an  staining  of  fror.cn  seettions. 
Tho  vacuole  formation  is  the  result  of  a  cytolysis,  as.  this  vac  also  found  in 
tho  kidney  and  liver,  and  is  tho  manifestation  oi’  a  vehement  coll  destruction 
which  howevor  docs  not  attack  all  colls  to  the  same  degree,  -in  addition  to 
such  which  aro  in  far  going  cor.- lit  ion  of  destruction,  there  can  bo  also  others 
situated  in  tho  direct  neighborhood  which  are  either  only  in  its  initial  stage, 
or  havo  not  undergone  any  viciblo  morphological  changes.  Cell  destruction  may 
also  occur  regionally,  and  tho  sa..o  contrasts  exist  then  in  regard  to  the 
difforent  areas. 


If  wo  compare  tho  poiturc  of  the  acute  form  with  that  of  tho  chronic 
discaoo  o.g.,  varying  at  from  1  to  .  ved:s,  then,  in.  addition  to  the  reduced  . 
sate Hit ism,  a  slower  tempo  can  bn  observed  in  tho  course  of  coll  degeneration. 
As  the  type  of  cell  destruction,  only  the  lysis  dominates.  In  case  of  more 
chronic  course,  tho  progressive  cellular  activity  decreases  simultaneously  with 
tho  activo  hyooromla.  Gatcllitis; .  enters  on  the  background ,  while  tho  hacma- 
togonous  and  lymphogenous  stasis  increase;--.  Those  circulatory  disorders  recover 
gradually  in  6  woeks,  yet  tho  ganglion  cells  still  keep  or.  having  certain 
microscopic  lesions  whose  volume  and  intensity  havo  nowevor  narkcaly  decreased, 
and  the  rest  of  the  ganglion  cells  ore  entirely  normal.  The  swelling  of  the 
ganglion  cells,  which  can  Lc  considerable,  is  only  an  acute  iscnptom.  Later 
tho  enormous  differences  in  the  size  of  those  cells  can  bo  more  balanced. 

Another  point  of  importance  in  the  mioroscooic  examination  is  the  every-  \y 
whore  occurring . degeneration  of  the  axis  cylinders  and  the  enlargement  of  the 
neural  shcathsT  boon  after  the  infection  already,  in  the  nc.ur.il  pathways  vc 
see  axis  cylinders  vhich  are  striking  by  their  enormous  swelling,  they  con 
surely  increase  to  four  times  their  normal  width,  either  very  locally  as  a 
button-like  thickening  or  over  a  longer  distance,  sometimes  so  far  as  they 
can  bo  followed  in  tho  field  of  vision.  Their  substance  is  homogenous,  hyaline, 
and  very  frequently  yacuoliscd.  The  markedly  tortuous  course  of  tho  axis  ^ 
cylindors,  too,  mostly  in  widened  neural  sheaths,  is'  a  well-known  symptom  of 
degeneration.  In  the  later  stages,  this  dilatation  is  a  loss  often  occurring 
symptom.  They  are  never  whole  neural  bundles  which  come  so  to  destruction^ 
rather  those  pictures  aro  scattered,  and  it  is  not  improbable  that  they 
correspond  to  destroyed  ganglion  cells. 
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SPINAL  CORD. 

As  far  as  we  can  judge  according  to  the  external  for*,  the  condition  / 

Oa  the  ganglion  cells  in  the  lumbar  spinal  cord  is  bettor  than  in  the  proxi-  / 
.■nal  portion  of  tho  nervous  system.  Although  degenerative  forms  can  also  occur,/ 
the  tigroid  boeics  are  still  intact  for  a  longer  time,  and  neuronophagy  and  ■  V 
liquefaction  aro  in  their  developmental  sta-o  always  behind  that  in  the  brain.* 
Hyperemia  and  edoma  can  be  very  intensive,  nevertheless,  and  in  the  acute 
stage  they  may  lead  to  diffuse  capillary  haemorrhages.  Local  bloody  infiltrations 
can  spread  into  the  central  canal.  It  seems  that  tho  haemorrhages  occur  more 
in  tho  ventral  half  of  tho  crcvwi  section  of  the  'lumbar  cord  and  therefore  tho 
motor  bonus  arc  also  more  affected  in  the  process  than  tho  sensory  horns.  Novi 
it  is  well  known  that  in  haematogenous  degeneration  of  tho  spinal  cord  result¬ 
ing  from  toxins,  mostly  tho  ganglion  colls  of  tho  ventral  horns  are  more 
attacked,  which  is  supposed  to  be  explained  so  that  these  aro  supposed  to  have 
a  separate  special  blood  supply  ( ZIEGLER). 

Edoma  and  lymph  stasis  occur  in  tho  spinal  cord  more  intensively  when 
tho  course  of  the  diseaso  is  more  chronic.  Tho  behavior  of  the  glirl  colls 
agrees  with  that  described  in  the  medulla  oblongata.  Their  phagocytic  character 
is  again  narkod  exclusively  against  the  smaller  ganglion  colls,  whi.1  the  larger 
motor  cells  show  tho  already  described  forms  of  degeneration  of  tho  large  cells  . 
in  the  medulla  oblongata. 

Prior  to  this,  the  changes  in  tho  C.N.T.  were  provoked  by  subcutaneous 
inoculation  of  100  K.L.D.  of  virulent  anthrax.  For  sake  of  comparison,  the 
cell  lesions  vie re  also  studied  in  the  initial  stago  after  infection  of  a  rabbit 
with  1  H.L.D.  of  tho  same  anthrax  strain.  Twenty  four  hours  after  this  inocuJ 
lation  tho  animal  was  killed. and  the  nervous  system  was  examined. 

Compared  with  tho  samo  stage  ax'tor  administration  of  the  100  M.L.D.  the 
brain  still  seems  to  bo  intact.  In  the  vihito  substance,  however,  tho  lymph 
capillaries  arc  already  dilated.  Tho  hyperemia  is  not  expressed;  tho  glial 
proliferation  is  questionable,  although  satellitisn  in  the  form  of  pseudoneuronc- 
phagy  is  definitely  present.  The  round-nucloar  cells  aro  again  dominating  here. 
Some  ganglion  ccll3  aro  in  a  condition  of  dogouoration,  evon  though  it  is  still 
only  at  the. beginning.  Tigrolysis  in  various  stages,  fine-granular  disintegration 
of  nucleus  and  protoplasma,  ovon  vacuolization  and  liquefaction  aro  represented 
as  reactions  forms. 

In  the  cerebellum,  tho  progressive  reaction  of  tho  glial  elements  is 
limited  to  the  placo3  where  tho  Purkinjo  colls  are  on  the  way  of  disappearance. 

It  is  again  tho  round-nuclear  typos  of  cell  with  little  protoplasma  which  have 
their  function  in  the  stratum  gangliosum,  and  call  be  found  up  to  tho  pia  mater. 

The  neural  colls  are  in  a  bettor  condition  than  in  case  of  an  infection  with 
larger  dosos.  In  addition  to  tho  oxtomolly  nomal  colls,  thore  are  still  a 
fevi  already  whoso  nucleus  is  eccentrically  situated,  disintegrated  to  a  heap 
of  fine  substanco,  or  perhaps  appears  to  be  vaculoised.  The  coll  bodies  here 
give  the  image  of  lysis  which  is  seen  in  difforent  stages  which  starts  as  an 
unilateral  liquefaction  with  vacuolization,  or  the  cell  is  completely  affected, 
and  it  surface.!  seems  to  be  wrinkled.  Hero  and  there,  a  cell  ghost  can  interrupt 
the  row  of  ganglion  cells.  Although  still  in  a  less  advanced  stage,  the  cere¬ 
bellum  undoubtedly  has  already  been  attacked. 

Tho  medulla  oblongata  shows  questionable  signs  of  glial  proliferation, 
tigrolysi3,  karyblysis,  circular  arrangmont  of  the  tigroid  bodies  on  tho  peri¬ 
phery  of  the  coll  and  satollitism.  The  latter  reaction  is  loss  intensive  in 
case  of  smaller  infective  docs,,  yet  the  destruction  of  the  large  ganglion  colls 
shows  less  differences  in  degree  with  the  earlier  described  cases.  It  is  again 
the  small  ganglion  colls ( exclusively  which  attract  the  round-nuclear  glial  cells. 
As  a  whole  tho  cellular  destruction -is  not  in  any  proprotionate  relation  to  tho 
infective  dose,  as  we  have  thus  found  by  the  degree  of  cell  changes  which  were  ' 
caused  in  such  a  short  time  by  a  small  amount  of  contagion,  still  indeed  before 


bacteria  arc  present  in  the  circulation.  Ib  we  compare  this  picture  with 
that  of  a  4-day  old  stage  after  infection  with  the  -  same  dose  of  contagion, 
then  in  the  latter  it  seers  that  ?  wore  narked  rlial  reaction  exists ;~tho 
hiatusos  in  the  r-ono  of  the  Purkinjo  cells  are  somewhat  larger,  and  the 
degenerative  symptoms  have  increased  on  all  ganglion  cells. 

In  addition  to  the  effect  of  the  infective  dose,  the  effect  of  the  decree 
of  virulence  was  also  examined .  For  this  mu-pose ,  the  C.P.fi.  of  a  rahbit  was 
examined  13  days  after  subcutaneous  inoculation  with  n.Il.f?.  vaccine  in  r. 
dose  of  1  cc,  which  war,  said  to  be  har.nlc.es  for  this  experimental  animal. 

Compared  with  preparations  which  wore  derived  from  rabbits  inoculated  with 
1  K.L.D.  of  fully  virulent  culture,  the  glial  reaction  is  less,  yet  the  lesions 
of  tho  neural  cells  arc  of  a  superficial  type  at  tho  very  least.  Glial  pro¬ 
liferation  is  questionable- ,  and  oven  the  satellitism  is  thereby  doubtful. 

The  round-nuclear  types  of  cell  dominate  and  only  at  the  places  where  Pur- 
kinjo  colls  are  destroyed  in  tho  cerebellum  docs  one  find  a  slight  poly¬ 
morphism;  there  is  no  sign  of  glial  destruction.  Indeod,  wc  can  soo  fibril 
forming  glial  colls  in  the  stratum  gangliosur.;  of  the  cercb'ollur.i  in  the  hiatuses 
of  the  ganglion  cells;  norevor,  wo  get  the  impression  that  they  themselves  are 
destroyed  during  function;  nevertheless  this  is  no  pathological  symptom. 

In  tho  row  of  Purkinje  cells,  definite  degenerative  phenomena  are  demon¬ 
strated  in  the  form  of  vacuolization,  beginning  liquefaction,  severance  of 
tho  cell  processes,  rounding,  off  of  the  rcsiduo  of  the  body,  and  loss  of 
protoplasma  characteristics .  It  is  remarkable  that  tho  isolated  dendrits  in 
the  molecular  layer  aro  not  attacked  by  any  glial  cells,  which’  indicates  atrophy 
without  marked  chemical  destruction.  In  tho  white  substance,  at  all  cerebral 
portions,  slight  serous  infiltration  is  present.  .  Tho  medulla  oblongata  shows 
slight  progressiva  glial  reaction,  and  somewhat  increased  satellitism.  It  is 
again  tho  small  round-nuclear  types  which  can  bo  scon  Concentrated  slightly, 
also  along  tho  neural  fibrils.  In  addition  to  those,  mostly  much  larger  hyper¬ 
trophic  forms  occur  in  dissemination,  with  largo  vell-stainihg  round-oval 
nuclei  within  an  abundant  and  granulated,  body  of  protoplasms,  normal  ganglion 
cells  altcratc  with  definitely  ^generative  forms  in  all  stages  of  tigr6lysis, 
kaiyolysis,  vacuolization,  among  which  the  latter  sysntor,  is  prevailing. 

Koural  disintegration  is  expressed  in  sli  'i'.a  swelling  of  the  axis  cylinders 
and  myelin  sheaths.  Leukocyte o  or  lymphocytes  arc  not  found  anywhoro. 

In  supplementing  the  findings  concerning  the  renal  and  hepatic  symptoms 
after  vaccination,  it  soens  from  the  cerebral  examination  that  active  immuni-  ‘ 
zatlon,  evon  though  it  io  apparently  tolerated  without  any  difficulty,  does  not 
take  placo  without  somo  damage  to  tho  body. 

PITIIPHTRAL  hL’tVES. 


In  several  rabbits,  tho  peripheral  nerves  were  examined  in  various  stages 
of  tho  pathological  process  to  sco  eventual  degenerative  changes.  Immediately 
after  the  death,  with  all  possible  protection  against  stretching,  the  nerves 
wore  quickly  prepared  from  the  foreleg  and  hindlegs  and  from  tho  cervical 
tract,  split  up  necessarily  with  a  sharp  scalpel,  and  liberated  from  tho 
connective  tissue.  It  is  still  bettor  to  look  for  the  thinner  branches,  to 
cut  thorn  off,  and  to  fix  them  in  chromiuw-osmic  acid  for  24  hours.  Thereafter 
with  a  sharp  needle  tho  finer  bundcls  can  bo  searched  and  isolated  from  each 
other,  clarified  in  glycerine ,  and  examined  between  a  covorglass  and  a  slide. 
Hero  it  seoms  to  be  an  odvantago  that  before  the  embedding  in  glycerine  tho 
nerve  is  freed  of  tho  superfluous  chromium  stain  in  a  70$  alcohol,  after  which 
the  placement  of  glycerine  is  better. 

neural  degenerations  could  be  very  easily  found  among  the  normal  fibrils. 
The  myelin  sheath  which  normally  stains  evoly  dark  with  osmic  acid,  in  case 
of  degeneration  of  tho , neurofibrils  shows  the  well-known  picture  6f  granular 
decay,  at  which  the  granual  are  first  still  stained  black,. later  they  remain 
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unstained  due  to  continued  chemical  decomposition.  The  amis  cylinders  also 
a°  no*.  look  then  cyely  wide  alone  their  whole  length.  The.  n.ischiadicus 
(sciatic  nerve),  the  median,  radial  and  vagus  nerves  were  examined  in  this 
manner  with  the  following  results.  Forty  eight  hours  after  the  infection, 
v.ne  peripheral  nerves  already  scorn  to  show  morphological  changes,  at  which 
t-.icy  are  never  affec'ted  throughout  thoir  uholc  cross  section*  but  degenerated  * 
bundles  occur  always  among  intact  bundles  in  an  extension  which  varies  accord¬ 
ing  to  individual  cases  and  the  examined  nerves.  In  some,  the  sciatic  nerve 
was  more  markedly  attacked,  in  others  again  tho  vagus  nerve  or  the  Median 
nerve.  These  incomplete  neural  degenerations  e:rnlain  at  tho  same  time  why 
tho  muscular  paralyses  arc  not  typical  in  anthrax.  As  far  ns  it  could  be 
found  in  tho  literature,  only  bUP.KI  mentions  the  occurrence  of  motor  paralyses 
in  horsos  of  British  India. 


Domestic  animals. 

Tho  observations  made  on  rabbits  wore  controlled  and  supplemented  with  ' 
observations  on  domestic  animals.  .  The  material  is  from  animals  which  all 
received  subcutanoioucly  either  a  lethal  dose  of  virulent  anthrax  culture, 
or  an  amount  of  anthrax  vaccine  followed,  or  not,  by  an  injection  of  nnat- 
tenuatou  contagious  matter.  One  lethal  dose  of  virulent  anthrax  r  -min  of 
tho  Pocrwakarta  type  was  administered  exclusively  to:  a.n  Australian  horso 
(no.  2,  page  12)).  two  goats  and  a  sheep  which  all  died  from  acute  anthrax. 

The  small  ruminants  succumbed  to  an  aoonloc i is  form  of  the  disease,  while  the 
agony  of  tho  horso  iasted  about  hall'  an  hour.  A  sheen  was  used  for  testing 
the  harmlecsnoss  of  the  anthrax  culture,  and  it  tolerated  20  cc  of  this  vacino 
scaminly  without  difficulty.  Another  she op ,  !’o.  ?,  was  infected,  after  a 
preceding  vaccination  with  1  cc  of  anthrax  vaccine ,  with  a  lothol  doee  of 
virulent  culture  which  infection  was  also  apparently  '.’oil  tolerated.  Finally, 
for  tho  histological  investigation  of  the  brain,  material  was  used  which  was 
derived  from  cattle  i'o.  which  has  been  serving  for  years'  for  the  produc¬ 
tion  of  immune  sorum,  and  for  this  purpose  it  has  elaborated  enormous 'amounts 
of  virulont  contagion  without  any  externally  perceptible  ,'ifficulty.  ' 

Tho  hicto-oathological  findings  on  the  brains  of  these  animals  completely 
corroborated  what  has  boon  acouirod  by  the  same  examination  in  the  rabbits. 
Therefore,  those  can  be  discussed  very  concisely.  '  . 

Fundamental  difforonccs  could  not  bo  found,  in  the  pathological  histological 
picture  in  the  fatally  running  anthrax  forms  in  tho  horse,  ..goats  and  sheo  '. 

V/o  sco  indeed  that,  in  the  brain  of  the  horso,  the  stasis  of  blood  and  lymph 
and  marked  serous  infiltration  are  coming  more  in  the  foreground  as  symptoms, 
whilo  in  tho  small  ruminants  the  hyperemia  of  tho  tissue  is  not  accoinpanied 
.by  circulatory  disturbances,  nevertheless  this  makes  no  basic  difference. 

, omall-cellular  infiltrations  woro  never  fo\ind,  and  it  is  left  to  the  glial 
cells,  among  which  tho  round-nuclear  types  predominate,  to  fulfil  the  task  of 
macrophages.  Compared  with  the  degenerative  cell  pictures'  which  were  exhaus¬ 
tively  described  for  the  rabbits,  the  found  types  of  cellular  decay  in  the 
brains  of  domestic  animals  do  not  offer  any  essential  differences.  It  can 
bo  only  remarked  that  the  intensity  of  the  tissuo  destruction  in  tho  goat 
i3  remarkably  loss  than  in  the  other  animals.  Probably,  the  high  suscepti¬ 
bility  of  this  animal  for  anthrax  is  demonstrated  by  its  greater  suscepti¬ 
bility  for  lesions  in  the  C.I3.5. ,  so  that  the  death  will  enter  already  in  a 
condition  of  tissue  degeneration  which,  histologically  considered,  could  be 
still  considered  as  a  developmental  stage. 

t 

The  reaction  of  the  C .II. S.  at  vaccination  against  anthrax  is  of  great 
significance.  Although  it  coulcl  bo  remarked  that  the  sheep,  whose  brain  was  [/ 
examined,  has  received  a  very  largo  dose  of  tho  vaccine,  yct.no  externally 
visiblo  symptoms  could  be  scon  during  tho  immunization  process,  which  would 
show  that  toe  animal  suffered  from  it  in  any  respect.  In  addition  to  capil¬ 
lary  hyperemia  and  a  slight  ••increase  in  tho  number  of  glial  cells,  definite 
regressive  symptoms  can  be  observed  on  ganglion  colls  and  neurofibrils. 

Although  a  large  portion  of  the  ganglion  cells  remained  extomally  intact. 
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vro  find  cells  in  all  parts  of  the  brain  and  tha  incdulla  oblongata  which 
shou  the  presence  of  a  serious  degeneration  manifested  by  nuclear  and  oro- 
toplasmic  changes.  In  many  cells,  tho  pathological  nicture  is  in  complete 
agreement  with  that  of  positive  anthrax  cases.  In  the  cerebellum,  a  largo 
number  of  tho  Purldnjo  cells  disappoared,  and  among  tho  remainin': ’,  shrinkage 
and  atrophy  occur  as  symptoms  of  degeneration.  In  the  medulla  oblongata 
the  norvos  are  more  affected  than  tho  ganglion  colls,  which  is  expressed’ by 
tho  suolling  of  axis  cylinders  and  myelin  sheaths  which  occurs  diffusely. 

At  an  infection  with  a  dose  of  virulent  anthrax  culture  which  follows 
tho  vaccination,  tho  histological  changes  in  tho  C.1I..3.  aro  considerably 
increased.  Although  Shoep  Ho.  ?  has  toloratod  this,  kind  of  treatmont  withou 
any  external  difficulty,  the  reaction  is  very  intensive  on  tho  side  of  the  ■ 

C.  1-1.3.  Disorders  in  blood  and  Xymoh  circulations  are  absent,  but  tho  status  '  1 
spongiosus  of  tho  brain,  tho  regressive  changes  on  the  pyramidal  colls,  the 
largo  number  of  Pur kin jo  colls  which  perished  under  nuclear  loss,  vacuolization, 
liquofactlon  and  neuronophagy,  indicate  a  serious  degeneration  of  tho  brain. 

In  the  medulla  oblongata,  certain  degenerative  forms  among  the  ganglion  colls 
call  attention.  Under  tigrolycism  around  the  cell  body  a  coat  of  fibrillar 
substance  is  formed  which  surrounds  the  protoplasm  as  an  evenly  thick  zone,  or 
occurring  unilaterally  it  can  so  strongly  increase  in  width  at  tho  expense  of 
tho  coll  ar.d  ovon  of  tho  nuclou3  that  a  wide  stripe  of  coating  substance 
orisos.  The  process  presents  itself  s  a  variety  of  tho  already  previously 
described  picture  of  peripheral  liquoraction,  vdth  tho  difference  that  here 
it  does  not  Make  tho  impression  of  colliquation  but  of  a  transition  into  a 
more  solid  substanco. 

Even  the  process -of  hyncrinsimnization  does  not  happen  without  damgo  to 
the  C'.M.S.  In  the  brain  and  cerebellum  of  cattle  Mo.  35^.  tho  number  of 
pyramidal  cells  arvl  Purkinjo  cells  i3  reduced,  whilo  among  the  remaining 
ganglion  colls  in  tho  cerebellum  and  medulla  oblongata  different  colls  occur 
which  aro  on  the  way  of  regression,  as  shown  by  colliquation,  vacuolization, 
severance  of  the  dendrit  processes. 

BIRDS. 

Finally  tho  C.H.3.  was  histologically  examined  in  hen  and  Indian  doves 
("pcrlcutut"  -  Ooonolla  striata)  after  infection  with  virulent  anthrax  culture. 
Although  it  was  not  possiblo  to  produce  anthrax  in  lions,  after  ropoated  in¬ 
fections  a  roaction  of  tho  C.N.u.  could  be  found.  In  addition  to  a  slight 
hyporonia  of  tho  cerebral  cortox  ar.d  a  slight  nrogronsivc  glial  reaction, 
definite  degeneration  of  tho  ganglion  colls  occurs  which  is  slight  in  tho 
brain,  yet  much  strongor  3eoms  to  be  in  the  cerebellum  and  tbo  medulla  oblong¬ 
ata.  Among  the  Purkinje  colls  several  aro  missing,  while  among  tho  remaining 
cells  nuclear  loss,  vacuolization  and  even  colliquation  is  found,  A  large 
portion  of  the  ganglion  cells  remainoa  intact  in  the  ccrcballum  and  in  the 
medulla  oblongata. 

Since  tho  Indian  dove,  Gconella  striata,  seems  to  be  susceptible  for 
anthrax,  a  numbor  of  these  birds  aro  experimentally  infected.  In  those 
animals,  death  occurred  in  its  apoplectic  form,  at  which  tiicy  remained  apparently 
entirely  normal  until  tho  last  moment.  Tho  susceptibility  for  anthrax  in 
diverse  specimonts  of  these  birds  scorns  the  most  clearly  from  the  intensive 
cerebral  reaction.  In  comparison  with  tho  hen,  tho  cerebral  and  cerebellar 
symptoms  are  less  clearly  marked.  In  addition  to  a  slight  hyperemia  and  a 
little  odoma,  a  regressive  'reaction  of  the  ganglion  colls  can  be  noted.  On 
contrary,  tho  medulla  oblongata  shows  strong  degeneration  in  the  form  of  edema, 
neuronophagy  of  tho  small  ganglion  colls,  and  especially  strong  cellular 
destruction  of  the  large  typo  of  cells.  Chiefly,  a  marked  vacuolization  which 
by  its  way  and  intensity  could  be  taken  characteristic  for  the  "perkutut", 
attacks  the  large  ganglion  cells  almost  viithout  exception. 

F-*  it  seems  that  tho  losions  of  the  medulla  oblongata  arc  responsible 

f-  .co  of  doath,  for  —  in  comparison  with  tho  hen  which  is  not 

x _ t _ ;.„o  anthrzx,  tho  brain  and  cerebellum  aro  less  affected,  whllq  in 

the  hen  tha  pedu&b  oblongata  remain's  erfaatty  nor*  .intact.  ‘ 

,  !*  'H;-  r  ..,■■■■  ;f 
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HISTOLOGICAL  EXAUHATIO!!  OF  THE  ■'RfivPATinCUh 

-  +v?or,^fticf1  masons  duo  to  the  r.angor  of  infection  at  the  ^reparation 
of  tho  efferent  sympathetic  ganglia,  the  examination  of  this  subsection 
vras  limited  only  to  one  horse  and  three  sheen. 


rrom  the  horso  tho  superior  cervical  ganglion  too  taken;  in  the  sheen 
uhe  excision  of  the  superior  cnrvx.  ganglion  and  of  the  cocliao  can, -lion 
t;as  considered.  Althoi  -h  tho  cervical  can-lion  is  exactly  determined "in 
position,  and  at  its  removal  no  difficulty  toc  expected,  its  finding  seemed 
to  moot  unexpected  difficulties.  Finally  therefore,  the  vagus  nervo  and 
cypathicus  in  tho  neck  section  were  so  far  exposed  as  nocossaryj-by  an 
estimate  to  cut  them  out  simultaneously  with  tho  search  can-lion.  The  mic¬ 
roscopic  examination  has  later  confirmed  that  for  the  horse  this  method  of 
orientation  is  well  indicated.  In  sheop,  in  tho  course  of  the  taken  nerves, 
no  sympathetic  ganglia  were  found.  From  this  it  seems  that  there  was  an 
atrophy  of  the  superior  cervical  ganglion,  for  no  other  explanation  can  be 
accepted,  at  least  for  its  absonco  at  the  macroscopic  examination.  The 
dctoction  of  the  cocliac  ganglion  did  not  cause  any  difficulty.  After  fix¬ 
ation  in  alcohol,  tho  tissue  is  stained  in  tho  usual  manner. 


COKLIAC  0A1JGLI01T.  '| 

The  ganglion  cells,  scattered  or  grouped  amidst  ncurof ibrilr ,  show  signs 
of  degeneration  which  aro  not  iderti-- el  in  all  the  throe  sheep.  'In  one,  no 
convincing  changes  wero  found,  for  according  to  HPIELHEm,  tho  peripheral 
position  of  tho  nucleus  which  we  founa  is  not  an  abnormal  symptom.  In  tho 
ganglion  of  the  other  tiro  sheep,  diffuso  marked  -lobular  swelling • of  the 
nucleus  was  found  with  hyperchromator.is  of  tho  wall  and  vacuolization,  at 
which  the  nucleus  can  bo  also  markedly;  enlarged.  Furthermore,  tho  nuclear 
membrano  tan  become  dissolved,  and  total  karyolysis  can  occur.  ' Most  of  the 
cells  aro  however  outwardly  normal. 

CERVICAL  GANGLION. 


The  cervical  ganglion  of  tho  horse  shows  more  marked  reaction,  iiany 
colls  seem  to  be  small  and  atrophic;  the  cell  outlines  aro  vague,  and  a  fine  ‘ 
vacuolization  occurs  in  tho  protoplasm-..  Tho  nuclei  vary  in  size  and  stain- 
ability.  Phimosis,  lysis,  and  rhoxis  occurs  at  scattered  sites.  Around  the 
sympathicus  ganglia,  marked  proliferation  of  small  colls  i3  found,  either  in 
a  croscont-shaped  arrangement,  or  as  an  ir regular  -rouping  of  well  stainablo 
uniform  cell  types  with  intact  round  nuclei.  Locally  the  proliferation  can  be 
so  marlcod  that  the  can-lion  colls  aro  covered  by  it.  These- are  the  so-called  j 
caosulo  colls  which  can  markedly  increase  in  number  under  onthological  condi¬ 
tions,  at  which  according  to  SCHULZ  tho  normally  only  weakly  staining  cells 
gain  in  chromophilia  at  tho  samo  time.  The  cervical  ganglion  thus  shows  more 
reaction  to  the  infective  stimulus  than  the  cocliac  -an -lion,  a  matter  which 
CtfACHHIA  had  also  found  in  diseases  cf  do-s,  TERPLAH,  ORI-IOS,  MCGIHICZKY,  •  and 
KULLER  in  human  disease. 

Small-cellular  infiltration  is  not  found  in  case  of  anthrax.  The  des¬ 
cription  of  histo-pathological  changer,  in  tho  cells  in  the  sympathetic  ganglions 
in  infectious  diseases  of  man  and  animals  reported  by  the  above  mentioned 
investigators  is  briefly  this.  In  acute  disease,  edema  and  hyporemia  and  swell¬ 
ing  or  shrinkage  of  the  ganglia  occur  which  later  can  bccomo  atrophic  by  con¬ 
nective  tissue  proliferation.  Tho  colls  show  here  a  whole  gamut  of  degenerative 
pictures,  beginning  with  loss  of  collular  structure,  chronatolysi3,  nuclear 
swelling  or  pyknosis,  dissolution  of  the  nuclear  membrano,  vacuolization  of  the 
protoplasma,  irregular  collular  contours,  ending  in  partial  or  total  necrosis 
and  atrophy  of  the  ganglion  cells.  Not  all  cells  can  either  markedly  proliferate, 
or  rather  decrease  in  number.  STAEHHLER  and  KOGILillCZXT  point  out  also  the 
vasimotor  disorders  which  in  the  course  of  the  sympathetic  degnerations  may 
occur,  and  which  can  complicate  the  pathological  pciture. 
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HISTOLOGICAL  COHSXDbSATICil 

From  the  histological  investigation  of  tho  C.fi.S.  in  antlirrax  eases, 
the  existence  of  an  pnccnhalo-myclltlr,  diffusa  non  ourulonta  seems  to  bo  the 
most  understandable.  In.  many  cases  in  which  edemas  or  hnrworrhagcs  were 
found  in  the  meninges,  tho  process  is  sunnosed  to  bo  associated  with  meningi¬ 
tis.  ’ 


Tho  process  of  demolition  and  reconstruction  is  going  on  without  the 
participation  of  lymphocytes  and  leukocytes,  and  their  task  will  rest  ontlrely 
upon  the  glial  cells.  Only  in  the  beginning  of  tho  infection  and  mostly  in 
tho  initial  stage,  when  there  is  still  no  septicemia,  did  glial  proliferation 
occur.  Tho  grade  of  it  varies  individually,  regionally,  and  according  to  tho 
size  and  virulence  grade  of  tho  infective  dose.  Where  proliferation  was 
found,  a  polymorphism  can  bo  found  in  tho  cell  typos,  at  which  the  cells  with, 
round  nuclei,  according  to  sizo  and  chromophilia,  can  bo  divided  .into  too 
typo 3,  and  can  occur  as  satellites  or  macrophages.  Moreover,  their  granulated 
protoplasma  can  vary  in  size.  The  proliferation  of  tho  polymorph  glial  types 
has  a  brief  existence.  Tho  tissuo  edema  and  glial  degeneration  are  occurring 
vory  rapidly;  tho  ir.creaso  is  often  questionable ,  and  tho  stab  cells,  tho  star 
formod  and  point-shaped  typos  return  to  their  normal  behavior.  At  most,  they 
occur  at  tho  severance  of  tho  coll  procossos  (dendrite)  and  at  tho  filling 
out  of  the  hiatusos  t>ctooon  colls. 

In  tho  septicemic  stage,  the  round-nucleated  cell  types  also  predominate, 
and  their  increases  go  parallel  with  increased  satollitism  which  is  nver  found 
in  connection  with  tho  large  ganglia  in  tho  medulla  oblongata.  In  the  white 
substanco,  and  in  tho  molocular  layer  of  the  cerebellum,  they  also  form  groups 
or  rows  which  activoly  occur  at  the  clean-up  of  disintegration  products  of 
degenerated  norves.  Tho  large  hypertrophic  glial  types  play  hero  'numerically 
a  subordinate  role.  VJhy  in  one  case  wore  glial  reaction  can  bo  observed  than 
in  another  of  tho  sano  infcctivo  doso,  and  why  the  reactions  also  vary  regionally, 
is  still  uncxplainod. 


In  tho  stage  of  active  hyperemia,  proliferating  endothelial  colls  aro 
also  found  which  leave  their  basic  connection  and  swarm  out.  when  in  the 
passage  of  infoction  tho  demolition  at-' go  is  finished,  again  a  slight  increase 
occurs  in  the  number  of  polymorph  glial  colic.  In  addition  to  their  bizarr 
chance  of  cell  and  nucleus,  thoy  aro  mostly  distinguished  by  pyknotic  nuclei. 
That  tho  latter  symptom  should  bo  a  rvgr.  .-reive  manifestation,  re  PPISLHSIifl 
tliinks,  mu3t  be  deniod  on  the  basis  of  the  occurrence  of  proliferation  in  this 
stago,  which  is  thus  a  stage  of  intensive  activity.  Moreover,  they  occur 
chiofly  in  tho  initial  stago  and  after  tho  was saga  of  tho  tissue  demolition 
proper,  l.e.,  exactly  in  tho  periods  in  which  two.  above  smyntoms  of  cellular ' 
disintegration  aro  the  loast.  bPISLi  bY‘..v<  correctly  points  out  that  the  glial 
proliferation  very  rapidly  appears  but  also  a  a in  disappears  under  certain 
stimuli.  In  the  C.M..G. ,  whore  the  polymorph  types  come  and  disappear  quicker, 
and  the  round-cell  types  dominate ,  one-  has  to  assume  therefore  that  the  lattor  . 
are' better  against  a  condition  of  toxic  effect,  and  therefore  they  have  their 
importance  oxactly  in  tho  stago  of  toxin  circulation,  by  tho  often  occurring 
degenerative  symptoms  on  these  colls  it  seems  that  they  arc  parr lolly  destroyed 
udring  their  eventual  working  up  of  the  toxins.  Tho  polymorph  types  of  cell 
havo  probably  more  the  task  to  fill  out  again  the  hiatuses  which  developed  from 
degeneration  of  coll3  and  nerves  by  means  of  forming  a  fine  fibrillary  sub¬ 
stance,  and  this  way  to  rostoro  tho  disturbed  tension  in  the  tissuo.  This 
function  is  not  specific,  for  tho  round-nucleated  colls  can  also  participate 
therein.  Thus,  they  have  apparently  an  extended  task,  for,  theirs  is  also  tho  . 
protection  and  tho  phagocytosis  of  ganglion  cello  and  nerves.  It  is  peculiar 
in  anthrax  that  scleirosio  has  not  been  found. 


The  finding  of  ALZHSIKER  and  ROSliHTHAL,  that  at  edematous  conditions  of 
the  nervous  system  tho  amoeboid  round-nucleated  glial  cells  are  many,  could 
not  bo  confirmed  by  experiences  in  tho  study  of  anthrax.  Here,  it  seems  rather 
that  edema  is  a  definite  brake  for  the  multiplication  of  flial  cells.;  Indeed, 


1-701?  Page  31 


an  edematous  condition  often  coincides  with  that  of  tissue  demolition,  and 
then  a  procominanco  of  the  round-nucleated  colls  can  be  always  proportionately 
noticed,  without  being  able  to  speak  of  an  absolute  multiplication  of  these- 
cells. 


That  in  anthrax  a  marked  tissue  demolition  exists,  appears  from  the  status 
cpongiocus  which  occurs  already  soon  in  the  acute  starve  of  the  disease.  Soft¬ 
ening  and  fusion  (colliquation)  of  tissue  and  of  can, "lion  colls,  without  the 
collaboration  of  leukocytes,  is  characteristic  for  anthrax.  Among  the  ganglion 
cells,  there  are  a  large  diversity  of  degenorativo  forms,  among  which  those 
which  occur  with  swelling  and  vacuolization  and  colliquation  are  the  most 
characteristic  in  anthrax.  Now,  these  arc  also  at  the  same  time  the  pictures 
which  are  known  in  ncurohistology  to  occur  tho  most  often.  There  is  nothing 
here  of  characteristic  degenerative  forms  of  ganglion  colls,  since  under  tho 
very  same  agent  the  cellular  reactions  can  run  vory  much  apart.  Tho  colliquation; 
of  tho  norvous  system,  however,  completely  corresponds  to  tho  liquefaction  pro-  / 
cesses  which  are  found  on  the  renal  and  hepatic  epithelial  colls.  As  such,  / 
this  general  symptom  gots  a  special  meaning  for  anthrax,  and  it  mayjbe  perhaps  / 
valuable  in  the  determination  of  an  anthrax  toxin.  Re cause,  that  a  bacterial 
product  is  at  action,  it  appears  not  only  from  tho  degenerative  cellular  pic¬ 
ture,  but  from  the  fact  that  this  alroady  occurs  boforo  tho  bacteri-  ia  developed. 

The  question  why  ono  ganglion  coll  will  bo  phagocytizcd  by  glial  cells  and 
the  othor  is  not,  remains  a  puzzle  for  a  while.  There  is  evidently  a  prefcronce 
in  glial  colls  for  the  supervision  of  ganglion  colls  in  various  marts  of  the 
C.M.n.  If  the  infection  happened  with  virulent  anthrax,  then  tho  sate lilt ism 
happens  to  be  tho  most  marked  in  the  small  ganglion  types  of  tho  medulla 
oblongata,  which  can  bo  so  intensive  that  the  iattcr  can  be  completely  masked 
by  theso  cells.  Thon  cono  the  Purkinjo  cells,  while  the  pyramidal  cells  can 
bo  besieged  only  by  a  few  satollitics.  Only  the  large  ganglion  colls  in  tho 
medulla  oblongata  romain  from  from  thorn.  A  connection  with  tho  size  of  tho 
colls  cannot  bo  made  from  this,  however,  for  the  Purldn.jc  cells  aro  much  larger 
than  the  pyramidal  cello,  wo  get  tho  impression  that  tho  disintegration  pro¬ 
ducts  of  tho  largo  colls  kcop  the  satellites  at  a  distance,  since  not  only  do 
not  thoy  attract  any  macrophagos  in  tho  advanced  stato  of  disintegration,  but, 
as  thoy  are  completely  destroyed,  their  places  aro  not  taken  up  by  a  fibrillar  , 
glial  tissuo.  Should  wo  look  uoon  oscudoncuronophagy  as  a  process  of  protection? 
In  tho  courso  of  tho  disoaso,  the  glial  reaction  docs  not  represent  any  uofi;i.to 
phase,  and  it  can  vary  in  intensity  at  infection  with  the  same  dose  and  wit'.  ■ 
tho  same  strain.  It  seems  from  the  examination  that  the  ganglion  cells  in  tV 
ccrcbollum  arc  geno rally  more  intonsivoly  and  earlier  attacked  than  in  the-  brain, 
and  thus  perhaps  thoy  aro  more  in  need  for  protection  by  tho  satellites.  Tho 
unprotected  largo  ganglion  colls  can  show  marked  variations  in  reaction,  even 
in  the  same  neural  nucleus,  gome  a  ill  disintegrate  very  soon,  while  others 
will  remain  completely  sound  for  a  long  time.  If  wo  connect  with  satellitisM 
tho  idea  of  protection  against  fatal  irritations,  then  it  is  surprising  why  in 
anthrax  in  tdiich  tho  egont  acts  especially  intensively  wo  aro  always  finding 
satellites  in  such  a  good  condition.  And  yet,  the  process  i3  related  to  tho 
degroo  of  virulence,  for  after  vaccination  the  glial  reaction  is  generally 
less  intensive  than  after  infection  with  virulent  contagion,  while  the  damage 
also  has  a  definite  effect. 

In  connection  with  this,  it  is  important  to  quote  tho  opinion  of 
CRUVEIIiKIiE,  1TJ0LAU  and  KOPCICvi;  XA.  At  rabies  vaccination,  th.cy  found  an 
increased  pscudoncuronophagy  in  addition  to  tho  gan"lion  reactions  which 
according  to  tho  description  must  bo  also  of  regressive  nature,  although  they 
assort  that  thoy  novor  saw  degenerated  neurons.  Therefore,  thoy  considered  . 
tho  symptoms  as  signs  not  of  disintegration  but  of  defense.  According  to 
them,  the  norvous  system  is  suppose  to  intermingle  in  the  defense  system  of 
the  organism  by  paraspocific  repression  of  the  contagion.  In  this  regard, 
thoir  opinion  is  in  agreement  with  that  of  MSTALKIKOFF  ’which  also  assumes  a 
connection  botwoon  immunity  and  ro action  of  the  nervous  system.  According 
to  these  authors,  the  cerebral  reaction  is  supposed  to  mean  nothing  olse  but 
the  recruiting  of  more  intensified  defense  processes  in  tho  organism. 
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eases  adjust  themselves  to  the  chen-cd  orgnnisnic  situation  i/r.dor  the  irnnulsct  / 
uy.icn  ere  issued  from  the  synnatlucus  and  narasy.  athicuc.  Tho  activity  of  \Y 
vue  enaocrir.c  elands,  tho  combination  of  tho  chemical  and  collualar  elements  ^ 
of  the  blood  condition,  the  behavior  of  tho  rod  and  white  blood  cells 
mutually,  and  their  absolute  number,  the  elimination  of  tho ‘poisons  accumulated 
in  the  organism,  tho  total  metabolism  and  nutritional  setvra  arc  all  reactions 
upon  stimuli  which  originate  in  the  vegetative  centers.  Upon  tho  harmonious 
and  favorable  course  of  all  these  processes,  the  defensive"  ability  of  tho 
organism  against  tho  arising  infections  vd.ll  depend.  Nevertheless,  the 
connection  between  tho  observed  histological  reactions  and  the  effect  upon 
tho  defense  capacity  against  infections  is  still  not  clear.  Why  in  anthrax 
motor  paralyses  of  the  skeletal  muscles  arc  not  regularly  found,  in  view  of 
tho  changes  of  the  C.1I.3. ,  is  still  not  clear.  It  is  also  sure  that  tho  largo 
vc go tative  cerebral  centers  arc  affected  and  tho  the  anthrax  appears  predomin¬ 
antly  as  an  affection  of  tho  autonomous  system,  and  tho  clinical  symptoms  of 
tho  disease  on  tho  organs  arc  tho  sequelae  of  the  interrupted  equilibrium 
botvjccn  the  sympathetic  and  parasympathetic  systems,  shich  bears  the  regula¬ 
tion  of  the  unconscious  functions  of  life.  ' 
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Tho  examination  of  tho  nervous  system  in  anthrax  , -leads  to  tho  following 
considerations  which  giv.o  a  bettor  insight  into  some  problems  of  tho  practice. 

In  anthrax,  the  degeneration  of  the  neural  elements  door,  not  proccecd 
evenly  in  all  parts,  not  even  in  tho  same  neural  nuclei,  and  tho  arrival  of 
death  should  depend  upon  tho  localisation,  the  tempo,  the  intensity  and  tho 
extent  of  tho  appearance  of  the  destructions.  The  respiratory  center  is 
histologically  not  represented  by  a  group  of  ganglion  coll;/,  nevertheless  there 
is  no  doubt  that  lesion  of  this  center  causes  the  sudden  death.  I’o  other  center 
comoc  in  consideration,  in  connection  with  the  Mood  findings,  which  could  be 
ro sponsible  with  its  functional  disorder  for  such  a  rapid  appearance  of  death. 

With  tetanus  as  a  neurotropie  disease,  anthrax  has  it  common  that  no 
result  is  gained  from  a  curative  scrum  thersoy,  since  tho  vital  centers  aro 
already  affected.  That  tho  results  with  specific  anthrax  serum  con  bo  so 
multiform  and  that  tho  curative  action  is  the  hotter  tho  or.rlior  it  is  admin¬ 
istered  is  completely  explainable  from  this  fact.  Thus,  100  cc  semr.i  when 
administered  in  time  can  hnvo  a  striking  effect,  while  a  dose;  of  more  than  a 
liter,  given  too  late,  cannot  save  tho  lifo  of  the  animals. 

AIIAPHYUXIS. 


It  is  not  tho  purpose  of  the  examination  to  give  an 
ing  tho  essonco  of  true  anaphylaxis,  for  no  histological 
what  individual  hypersensitivity  can  accowlish.  The  r.y. 
shock  alone,  which  PLE-1S0W  doscribos,  point  out  that  th 
lation  of  the  C.H.3,  Ticcitcincnt,  stampin  ',  licking  its< 
swollen  eyelids  and  face,  salivation,  con  h,  polypnea,  . 
weakness  of  heart  and  metcorism,  v;'nich  symptoms  arc  suyy 
symptoms  of  choking  and  crrtcnsivn  edemas,  arc  all  the  re. 
or  paralysis  of  thoco  neural  centers  which  at  the  start  . 
(at  the  first  part  of  this  study)  have  been  recapitulate. 
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In  anthrax  vaccination,  a  ccrior.  of  unwanted  inoculation  reactions  may 
occur  which  can  very  scridusly  harm  the  popular  acceptance  of  this  type  of 
disease  prevention.  According  to  intensity  and  type,  these  aro  dependent 
upon  the  typo  species  of  animal  and  upon  the  individual.  Tho  goat  is  the 
most  sensitive  among  tho  domestic  animals,  then  comos  the  horse,  while  the 
sheep,  cattlo  and  buffalo  "show  less  susceptibility  in  this  respect.  In  its 
most  frequently  occurring  form,  tho  inoculation  reaction  appears  as  a  painless 
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swelling  of  the  olein  uhich  can  bo  demonstrated  after  a  feu  clays  to  a  month 
cither  as  a  limited  local  edema,  at  which  the  tempo raturo  and  the  apo'titc 
remain  noi-mal,  or  associated  with  general  symptoms  such  as  fever,  disturbed 
appetite,  constipation.  The  largo  swellings  should  be  somewhat  later  develop 
than  the  smaller  ones.  Pot  only  can  they  start  out  from  the  site  of  inocula¬ 
tion,  but  they  can  occur  also  on  extensive  parts  of  the  skin;  at  which  then 
the  swollen  areas  arc  separated  by  normal  marts.  Rabbits  are  supposed  to 
illustrate  this  picture  well,  horses  after  inoculation  will  sometimes  suffer 
on  the  neck  surface  on  extensive  ode mas  which  extend  from  the  chest  and  fore— 
leas  to  tho  throat,  swollen  eyelids,  strain,  and  quickened  breathing.  Definite 
dyspnea  has  not  beer,  described  in  India  after  anthrax  vaccination.  In  buffaloes 
at  Cclcbos,  blue  discoloration  of  tho  abdominal  skin  was  seen. 


The  edemata  can  be  sterile,  and  trials  to  demonstrated  bacilli  in  them 
wore  unsuccessful,  be rum  injections  also  do  not  have  any  success  in  such  cases. 

Concerning  the  probability  of  the  occurrence  of  postvaccinal  inoculation 
reactions  nothing  can  he  said  in  advance.  QUIP  points  out  that  in  tho  labora¬ 
tory  tho  vaccine  can  look  completely  harmless,  and  yet  in  tho  practice  it  may 
give  opportunity  to  complications,  dome tines,  small  or  strongly  diluted  doses 
make  much  wore  serious  symptoms  than  largor  doses.  QUIP  has  soon  w  '  kh  tho  uso 
of  the  aar.io  vaccine  among  horses  in  a  certain  herd  that  inoculation  cuolligs 
occurred  in  a  region,  which  wore  absent  in  another  herd  and  at  other  land  area. 
VJLJOIii’,  CUitlOI!,  and  FOURIE  have  found  that  sometimes  after  tho  first,  large 
dose  of  vaccino  which  the  animals  received  they  die  on  a  subsequent  injection 
of  a  snail  amount  of  contagion,  whilo  others  are  able  to  tako  a  large  amount. of 
virulent  bacilli  without  any  difficulty  after  a  small  coso  of  vaccine.  Hero 
seems  to  be  a  paradoxically  incomplete  immunising  action  as  complication. 

From  tho  results  of  the  examination  of  tho  whole  norvous  system,  a  logical 
united  cxplnnntion  can  be  drawn  for  all  these  findings.  Tho  histological 
findings  have  shown  that  neural  lesions  can  occur  both  by  the  infection  with  a 
virulent  strain  and  by  vaccination;  these  lesions  are  the  more  intensive  the  . 
larger  is  tho  virulence  and  administered  dosage.  The  mas sago  through  an  |/ 
infoction  with  very  virulent  strains  will  not  necessarily  croato  an  increased 
defense  against  its  repetition.  Thus,  according  to  PSKKiiE,  tho  degree  of  viru¬ 
lence  and  the  immunising  ability  of  an  anthrax  bacillus  arc  wholly  different 
qualities.  KAZZUCHI  also  sees  that  very  virulent  strains  will  somotimos  not 
kill  the  rabbits,  yet  tho  overcoming  of  the  infection  had  not  left  the  smallest 
immunity  after  itself. 

These  otherwise  well  and  generally  known  facts  ware  again  tested  at  our 
laboratory.  Although  the  below  followin'*  results  are  supposed  to  bo  treated  in 
a  following  later  publication,  for  the  sake  of  illustration  hero  are  given 
preliminary  communications.  From  a  series  of  rabbits,  which  v.’erc  infected  with, 
the  very  virulent  Poerwrakarta  anthrax  strain,  some  remained  alive,  either  willy 
the  hole  of  specific  serum,  or  in  an  unexolainablc  spontaneous  manner,  as  \  / 
MAZZUCHI  has  already  also  found,  '..bat  is  remarkable  in  this  not  very  small  V 
number  of  cases  is  the  fact  that  due  to  the  passage  through  tho  infoction  the 
defensive  ability  is  not  increased,  but  rather  it  is  diminished,  for  the  second 
fatally  acting  infective  dose  is  much  smaller  in  some  eases  than  tho  first, 
and  is  in  itself  har.nloss  for  the  normal  rabbits.  They  tolerate  1  cc  B.d.S. 
vaccine,  and  cerrtalnly  higher  doses  of  the  much  wanker  P.G.V. vaccino,  without 
difficulty,  w;hile  in  tho  below;  following  cases  a  small  amount  is  lethal. 


All  these  animals  died  from  definite  anthrax.  Increased  defense  could 
never  be  found;  uo  until  the  present  the  resistance  against  a  repeated  inocu¬ 
lation  alw;ays  seemed  to  be  diminished,  be  should  be  able  to  quote  that  tho 
simultaneous  inoculation'* with  serum  did  not  let  the  infective  dose  come  to 
its  effect,  but  then  it.  should  bo  still  remark'-d  that  the  animals  kept  so 
alive  are  derived  from  a  series  in  which ,  with  the  exception  of  these  few;, 
nono  did  die  with  the  same  treatment.  Moreover,  with  purpose  tho  infec-i 
tive  dose  w;as  taken  so  largo  that  it  could  not  be  asswimed  that  tho  elaboration 
of  such  a  large  amount  of  contagion  could  have  been  done  without  the  active 
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collaboration  of  the  organism.  On  tho  contrary.  for  tho  dirdnishod  defense 
a  very  plausible  reason  can  be  nivon.  This  is  ecplainablc  with  a  cumulative 
action  or  tic  arjont.  Since  a  virulent  anthrrsx:  strain  is  un.  bio  to  provoke 
immunity,  in  tho  first  infection  the  nervous  system  is  surely'  attacked,  but 
not  sufficiently  to  result  in  death.  By  tho  ii.ncrfoct  iin.iuniaa.tion,  a  cumula- 
tlon  can  ta^o  place  indeed,  and  at  tho  second  much  milder  infection,  even 
with  an  attenuated  contagion,  the  destructive  action  of  the  first  dosano  of 
contusion  is  continued,  whereby  vital  norve  centers  can  bo  so  devastated 
that  death  conos. 


Rabbit 

1:0. 

Date  of  inocu- 
•  lation 

Dosapo  of  Poerwakarta  strain 

Died  (date*) 

836 

14  Dee.  3V 

28  Jan.  38.'  , 

100  M.L.D. 

100  M.L.D. 

29  Jan.  36* 

87 

23  Jan.  361' 

10  Feb.  36' 

1  M.L.D. 

1  M.L.D. 

12  Fob.  36* 

89- 

20  Jan.  36' 

10  Feb.  36' 

1  M.L.D. 

1  A**Ij*D* 

12  Feb.  36* 

20? 

13  Feb.  36' 

31  Kar.  36' 

100  M.L.D.  +  6  cc  serum 

0.5  M.L.D. 

5  Apr.  36' 

254  • 

3  Mar.  36' 

24  Mar.  36' 

100  M.L.D.  +  1  ec  scrum 

1  M.L.D. 

2.8  Mar,  36' 

215 

19  Fob.  36' 

24  Mar  3 O' 

100  M.L.D.  +  4  cc  scrum 

1  M.L.D. 

2?  Hr r.  36' 

208 

18  Feb.  36' 

31  Mar.  36' 

100  M.L.D.  +  2  cc  ecru. 

0.5  cc  JJ.R..:.  vac  cine 

0  Apr.  36' 

212 

18  Fob.  36' 

31  Mar  36' 

18  Feb.  36' 
31  Mar.  36' 

100  M.L.D.  cc  scrum 

0.5  cc  :!.!!. TJ.  vaccine 

5  Anr.  36' 

214 

100  M.L.D.  +  3  cc  scrum 

1  cc  P.G.V.  vaccine 

2  Apr.  36' 

251 

19  Fob.  36' 

24  Mar.  36' 

« 

100  M.L.D. 

1  cc  D.M.M.  vaccine 

30  Mar  36* 

172 

10  Feb.  36' 
21  Fob.  36' 

100  M.L.D. 

1  cc  U.h.  :.  vaccino 

25  Fob.  36' 

341 

13  May  36' 

9  June  36' 

1  M.L.D. 

1  cc  B.R.M.  vaccine 

14  June  36* 

Mince  death  itself  can  co:'.e  in  this  manner,  how  much  easier  can  then  the 
many  harmless  inoculation  reactions  develop.  In  anthrax  areas,  some  animals 
aro  supposed  to  have  opportunity  to  pass  through  a  not  fatal  infoction  which 
perhaps  did  not  result  in  any  serious  clinically  demonstrable  symptoms,  yet 
it  could  have  produced  a  certain  decree  of  neural  lesions,  ’..here  patholosical 
changes  on  the  part  of  tho  sympathicus  -'an^lia  can  bo  demonstrated  in  anthrax, 
a  syinpathicus  disturbance  due  to  a  cumulative  action  can  be  easily  explained 
in  a  subseouent  infection  or  vaccination. 
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The  vasoconstrictors  which  arc  under  tonur.,  cm  loco  this  entirely  or  par¬ 
tially  as  the  central  or  peripheral  cymoathicus  centers  lose  their  control 
over  then.  MJLLS3  also  points  out  that,  at  the  tonus  change  of  the  sympathy 
cu^,  no**  all  symptoms  or  the  pathologic rJL  picture  aonoar  sirault ancously.  The 
lability  in  the  system  alternates  strongly,  and  so  in  tho  various  regions  of 
tr.c  sympathetic  tho  tonus  can  chow  varieties.  In  tho  ganglion  cells  which 
once  wore  affected  by  deaeration,  a  regeneration  is  not  Possible,  although 
antagonistic  cell  groups  can  bring  a  certain  rather  high  functional  compen¬ 
sation.  The  lability  of  tho  vegetative)  innervation  is  thereby  indeed  increased 
so  that  equilibrium  imbalances  will  occur  much  more  easily.  Ac  to  its  expan¬ 
sion,  it  supposedly  depends  upon  the  extent  of  tho  functional  paralysis,  while 
retrograde  nerual  palsies  can  be  hinted  also  by  tho  increasing  extent  of  the 
edemata.  Just  tho  fact  that  one  cannot  find  any  bacteria,  points  to  a  func¬ 
tional  vasomotor  disturbance.  Thus  tho  edemata  at  far  remote  skin  areas  can 
be  also  explained  as  a  moro  centrally  occurring  cumulative  paralysis.  That 
J.e  administration  of  specific  serum  in  this  stage  does  not  help  any  longer,  is 
oavious,  for  the  disturbed  function  is  tho.  result  of  the  fact  that  the  neural 
elements  have  absorbed  harmful  circulating  substances,  and  they  underwent  proto¬ 
plasma  changes  which  by  a  lator  administration  of  antibodies  could  not  be 
undone  any  more.  If  disturbances  have  not  yot  advancod  too  much,  then  results 
can  still  bo  expected  from  such  stimul  which  can  again  restore  the  t  us  dis¬ 
placement,  i.e.,  local  application  of  could  (douche,  regrigerating  substances) 
or  inaction  of  adrenaline. 

I 

Postvaccinal  inoculation  reactions  rest  very  probably  upon  cumulative 
action  of  the  mysterious  anthrax  toxin.  Even  where  they  occur  after  tho  first 
vaccination,  let  it  bo  that  it  is  an  individual  hypersensitivity  or  anaphy¬ 
laxis,  an  oarlior  natural  infection  could  havo  .already  prepared  the  neural 
centers.  It  depends  however  now  upon  how  far  the  primary  lesions  have  pro¬ 
gressed,  or  tho  inoculation  reactions  arc  moro  or  loss  extended  or-  serious. 

Tho  vaccino  can  appear  completely  harmless  in  the  laboratory,  and  yot  in  the 
practice  it  can  bring  unoxnoctod  and  unwanted  symotoms.  That  even  small  and 
diluted  dosos  of  vaccino  sometimes  givo  more  intensive  reactions,  deponds 
upon  tho  stago  of  preparation  by  the  primary  cause.  The  fact  that  in  well-known 
anthrax  aroas  tho  results  can  bo  the  most  fatal  is  thus  quite  understandable, 
and  that  a  susceptibility  is  localised  at  certain  areas  and  in  contain  herds, 
is  explained  not  from  the  composition  and  strength  of  tho  vaccino  but  it  is  in 
connection  with  the  cause  which  acts  jointly  in  the  area  and/or  in  the  hordn  i.e.,  '+ 
tho  degree  of  tho  preparation  of  tho  nervous  system.  Thoy  are  then  not  necessarily 
limited  to  the  vasomotor  disorders,  but  the  post  vaccinal  inoculation  reactions 
can  also  cause,  of  course,  other  functional  vegetative  lesions,  such  as  tachyp¬ 
nea  and  tachycardia,  constipation,  mctcorisn,  ataxia,  and  so  on. 

Herewith,  the  observation  of  VILJ0EN  et  al.  Is  also  explained  who  stated 
that  a  larger  dose  of  vaccine  sometimes  does  not 'protect  against  a  subsequent 
•  weak  infection.  Rather,  the  largo  vaccino  dosos  can  harm  tbe  neural  centra 
which  may  show  intensive  changes  microscopically,  that  is  perhaps  gained  on 
the  one  side  by  the  provocation  with  a  larger,  concentration  of  immune  sub¬ 
stances  is  destroyed  on  the  other  side  by  the  destruction  of  vital  neural 
elements.  The  bizarrness  of  tho  total  reaction  picture  is  the  result  of  the 
fact  that  the  tissue  destruction  taken  place  so  unevenly  in  the  nervous  system, 
and  moreover  at  the  tonus  changes  in  the  cympathicus  and  paraempathicus  net  all 
symptoms  of  a  disorder  used  to  occur  simultaneously. 

COliP  ARATIVE  HISTOPATHOLOGIC  IMVdSTIGATIOM 

TIT  AITS. 

The  material  for  the  brain  examination  is  obtained  from  two  guines-pigs,' 
one  rabbit  and  a  horse.  The  horse  and  the  guinoa-pigs  were  killed  at  the 
appearance  of  definitely  observable  symptoms  of  the  disease.  The  rabbit,  ■ 
which  was  infected  with  a  dose  of  tetanus  culture  whose  amount  corresponds  to 
1000  M.L.D.  of  the  guinea-pih,  was  killed  within  24  hours,  to  compare  the 
pathological  changes  in  this  stage  with  thos  of  anthrax  at  the  same  oeriod.  In 
the  horse  and  the  guinea  pig,  the  hyperomia  and  the  edema  of  the  whole  CHG  are 
striking.  Glial  proliferation  is  visible  chiefly  in  the  white  substance  and 
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and  it  is  questionable  in  the  area  of  the  ganglion  cells.  Certainly,  vs 
find  in  the  medulla  oblongata  satcllitism  in.  connection  with  the  small  ganglion 
cells.  The  degenerative  processes  of  the  neural  colic  show  everywhere  much 
agreement  with  those  described  in  anthrax . among  which  the  peripheral  cellular 
colliouation  and  the  severance  of  the  dendrits  attract  attention. 

The  rabbit  shows  the  histological  picture  of  a  beginning  reaction,  with¬ 
out  any  serious  neural  lesions  having  come  to  a  full  development.  If  we  compare 
this  stage  in  the  pathological  process  with  that  in'  anthrax  in  tho  same  period 
v  of  infection,  yet  provoked  with  only  a  dose  of  1  M.L.D.  of  the  contagion,  then 
the  neurotropic  nature  of  tho  anthrax  process  seems  to  be  definite,  at  which 
its- malignancy  comes  especially  to  expression.  More  than  in  other  diseases, 
the  pathological  coll  pictures  are  in  agreement,  at  which  the  intensity  of  the 
lesions  in  the  brain  and  tho  cerebellum  in  tetanus  exceeds  those  In  anthrax, 
nevertheless  in  tho  latter  tho  ganglion  destruction  in  tho  medulla  oblongata 
is  evidently  stronger.  Even  from  the  much  stronger  regressive  glial  reactions 
in  anthrax,  tho  harmfulness  of  the  agent  is  -apparent  for  the  organism. 

RAISES. 

To  be  able  to  comparo  the  histo-pathological  picturo  in  the  brain  of  this 
neurotropic  disease  with  that  of  anthrax,  three  rabbits  were  infected  intra¬ 
muscularly  with  rabies  material,  and  killed  at  tho  first  appearance  of  the 
clinical  symptoms,  after  three  vofeks. 

A  fundamental  difference  fro..:  anthrax  is  in  the  formation  of  perivascular 
lymphocytic  concentration  which  sneak  definitely  against  tho  last  mentioned 
disease.  A  slight  glial  multiplication  is  found  mostly  in  the  cerebral  cortex, 
and  a  definite  difference  from  anthrax  is  the  almost  total  lack  of  satellitism 
in  the  medulla  oblongata,  and  of  regressive  phenomena  on  tho  glial  colls. 
Although  convincing  pictures  of  ganglion  disintegration  occur  in  all  parts, 
yet  there  are  found  no  forms  of  vehement  cellular  destruction,  vacuolization 
and  colliquation.  Even  in  the  cerebellum  the  loss  of  neural  cdlls  is  visibly 
loss.  In  general,  tho  course  of  anthrax  encephalitis  is  much  more  malignant 
than  that  of  rabies. 


RAU.XHP.kANb. 

From  two  guinea-pigs  and  a  calx'  tho  C:::'.  was  fixed  for  examination  immediately 
after  the  doath  of  the  animals.  All  have  boon  infected  intramuscularly  and  died 
within  24  hours  on  its  consequence.;.  The  typical  rauschbrand  swellin  in  tho 
guinea-pig  sproad  over  tho  whole  roar  half  of  tho  body,  while  in  the  calf  it 
took  the  wholoiback  portion.  Although  thus  an  enormous  bacterial  process  per¬ 
mits  to  suspect  an  intensive  reaction  on  tho  part  of  the  norvous  system,  the 
histological  picturo  did  not  agree  with  tho  expectation.  Only  in  the  guinea-pig 
is  it  possible  to  find  a  hint  of  a  circulatory  disorder  as  a  slight  dilation  of 
tho  lymphatic  capillaries.  Small-cellular  infiltrations  aro  entirely  absent. 

The  glial  reaction  is  much  loss  than  in  anthrax,  and  a  progressive  multiplication 
is  noticeable  only  in  tho  medulla  oblongata  among  the  satellites  of  the  small 
ganglion  cells.  Tho  disintegration  of  the  neural  colls  in  the  entiro  nervous 
system  is  much  less  than  in  anthrax.  The  cerebellum  in  this  resnoct  had  some¬ 
what  moro  sufforod  than  the  ccrobrym.  Tho  moot  intensive  degeneration  was  found 
in  tho  medulla  oblongata,  nevertheless  nowhore  aro  found  vacuolization  or 
colliquation  of  the  ganglion  colls,  which  can  characterize  tho  tissue  picture 
of  anthrax. 


The  material  of  examination  in  this  disease  was  acquired  exclusivelyfrom 
rabbits  which  died  within  24  hours  after  the  infection.  The  histo-pathological 
picture  was  dominated  by  tho  enormous  syrrotons  of  stasis  and  edema  of  the 
entiro  CHS.  Glial  reactions  arc  absent,  while  small-collular  infiltrations 
are  not  found  at  ell.  Without  showing  tho  varioty  of  pathological  cellular 
changes  as  described  in  anthrax,  the  disintegration  of  tho  ganglion  cells  is 
huge.  Nevertheless,  ovor  tho  whole  extension  of  the  nervous  system,  tho  histo¬ 
logical  picture  rei.dnds  us  strongly  of  putrefaction,  .Shrinkage  and  swolling 
of  tho  colls,  with  loss  of  protoplasm  characteristics  and  of  the  staining 
v  s ability  in  many  cases  five  the  tissue  tho  appearance  of  an  undofineable  ^estruc 
.  tion  without  active  cellular  reaction,  whereby  the  similarity  with  tissue 
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putroi'nction  becomes  very  large.  Severe  intoxications  also  brine  on  such 
tissue  crJiaustion  or  death,  where  reactions  which  point  to  resistance  or' 
defense  are  entirely  missing;  In  no  other  respect  is  therefore  the  histolo¬ 
gical  picturo  of  the  Civ 3  in  septicemia  comparable  with  that  of  anthrax.  • 


PICTURE  APPENDIX 

FIGURE  1:  Vacuolized  ganglion  cells,  medulla  oblongata,  rabbit.  Smear 
preparation,  Giemsa  staining. 

FIGURE  2:  Large  ganglion  cells,  medulla  oblongata.  Sheep  No.  7. 

Severance  of  dendrits,  fibrillary  disintegration  and  formation  of  pericellular 
zone. 

FIGURE  3:  Marked  vacuolization  in  five  large  ganglion  cells,  medulla 
oblongata,  perkutut  (dove).  X  =  residue  of  necleus. 
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